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ROTARY OR CENTRIFUGAL 


...Which one is best for your application? 


PS | you d ike a CODY 

DOOK Iet Rotary and Centrif 
1 Design please 

ton Corporation, Section 


New Jersey, for bulletin G 


one ol 


plete line cf both rotary and centrifugal 
ps, Worthington can help you select the 
st. Or the liquid best, most economical solution thi 
clearly in either area perennial pump problem. For the name and 


r considerations such as address of your nearest Worthington repre 


: cost, lubrication value sentative, consult the yellow pages. WORTH | NGTON 
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FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Glass research promises super fibers. 
Tough, heat-resistant parts made from hafnium carbide 
Elastic, flexible wire elongates 300%. 


o 
ooo 


MECHANIC Midget valve controls either pneumatic or hydraulic circuit 
Another angle on spring design. . 
Soviets use metal-ceramic disks for durable friction gearing 
Variable-capacity rotary pumps instantly contro! flow variations 


o 
ono omoo 


ELECTRIC High-voltage, high-energy-storage capacitors ready for 930 F. 
New transistor circuit-control for themocouples, strain gages. 


PRODUCT DESIGN Same stroke—this press shears and bevels metal plates 


ui 
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Levers balance loads in planetary-gear system. 


uw 
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Sousaphone bells find work in this subsonic wind tunnel. . 
Electrical and physical measurement made to order. 
Tensile tests at minus 450 Fahrenheit 


PROCESSES: Copper parts improved by new additive and finishing system 
Numerical control without numbers in new turret lathe 


GENERAL Only one particle after all?—newest nuclear theory. 
Spy plane photo gear shrouded in secrecy. ¥ 
Latin America’s common market: boost to product design. .. 
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Heat exchanger of Armco Stainless 
saves money, helps save lives 


Blood and water are separated by the strong walls of the core (left) made from .005-inch Armco 
Stainless Steel. At right is a cut-away showing core in place in the case of Armco Stainless 


This tiny stainless heat exchanger made by the Surgical 
Instrument Company (Joseph A. Chyba and Sons), 
Baltimore, Maryland, protects human lives. During open- 
heart surgery, it cools the patient’s blood to a point 
that surgeons consider safer. Even though it’s used only 
once, it saves money compared with permanent types 

High tensile strength of Armco 18-8 Stainless Steel 
permits use of .005-inch thick core walls. These thin- 
gage stainless walls make the unit more efficient. In addi- 
tion, Armco Stainless for case and tubes results in a unit 
that can be guaranteed sterile and pyrogen-free, and 


won't corrode in storage. 


LOW IN COST 


his unit costs less than a half-pint of blood, about !4,th 
as much as the cheapest of non-disposable units. It 
weighs only 7 ounces, compared to about 25 pounds 
for a permanent type. Moreover, the larger units take 
about a pint of blood to prime them and require thorough 
cleaning after use. This disposable unit can be used once, 


then thrown away at a saving for blood alone. 


As in this unique heat exchanger, Armco Stainless 
Steels—sheets, strip, bars and wire—in more than 60 
analyses and a broad range of gages, sizes, finishes and 
conditions, offer specific opportunities for savings and 
improved performance in thousands of products. Per- 
haps yours is one of them. Just mail the coupon for com- 
plete information pom, 


H 
ey, 


ne 


Use the STEELMARK 
to identify quality 
teels in the products 
you make 


ARMCO STEEL CORPORATION 
2170 Curtis Street, Middletown, Ohio 


Send your catalog, “Armco Stainless Steels 
Name Title 
Firm 

Street 

City 


ARMCO STEEL 





Armco Division * Sheffield Division * The National Supply Company + Armco Drainage & 
Metal Products, Inc. « The Armco International Corporation « Union Wire Rope Corporation 
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R. B. Kearney 


On our cover—a core plane for IBM’s 7302 Core Storage 
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machine tools necessary for imass producing standardized 
weapons 

Such was the beginning of Pratt & Whitney Co Inc, 

which celebrated its 100th anniversary last month. Its 

founders, Francis A. Pratt and Amos Whitnev, had some- 

what parallel careers before 

joining forces. Pratt was born 

in New York, but grew up in 

Lowell, Mass. After grammat 

school, he became a me- 

chanic’s apprentice. At 25, 

he moved on to Colt’s “‘pistol 

factory” 

ate school for the finest me 


practically a gradu 


chanics the country was de 
veloping. From Colt he 
Francis Pratt moved on to become superin 
tendent at Phoenix Iron Works (now Taylor & Fenn 
Co Ihe younger partner, Amos Whitney, was born in 
Biddeford, Me, and was a member of another branch of 
the family that produced Eli Whitney. At 14, Amos was 
ipprenticed to the Essex Machine Co in Lawrence, Mass 
ind later followed his father, an expert machinist and 
cksmith, to Colt 
Iron Works, and there met Francis Pratt 
[heir company was born in a small rented room in 
Hartford, where Pratt and Whitney worked in thei 


Then he, too, moved on to Phoenix 


spare time with the few tools they owned. The only 
furniture in the room was a stove They had not yet 
given up full-time jobs at Phoenix, but there was plenty 
of work for skilled mechanics, both job work and creative 
designing, and the partners were bus\ 

[he shop had just begun to be recognized as a going 
concern when fire burned out the room and destroyed all 


However, in less than a year they wer 


the equipment 


ain. Within a few years, the company wa 


NEXT WEEK IN PRODUCT ENGINEERING 


What's Available in Digital Storage Devices 
How the new devices perform and where each type works best 


Forming Beryllium Sheet 


heavily involved in the manufacture ot firearms, and it 
was this work that gave impetus to mass-producing inter- 
changeable parts. Although Whitney and Colt had made 
a start with their weapons made with interchangeable 
parts, it wasn’t carried to other fields. In their days, 
every piece of machinery was assembled and fitted by 
hand, and no two parts supposedly the same would inter- 
change. Large-volume work of such precise nature as the 
Civil War firearms project had never been attempted be- 
fore, and the idea was scoffed at by seasoned mechanics 
But Pratt and Whitney made the idea practical on a large 
scale. Much of their success 
was due to their awareness 
of the need for development 
and use of accurate gages 
and trustworthy standards of 
length 

There was no commercial 
standard inch at that time, 
and there were almost as 
many commercial “standard” 
vards as there were vardsticks 
Pratt & Whitney soon real- 

d that an exact standard inch was the basic requirement 


Amos Whitney 


for interchangeability. Many vears of refining the gaging 
tools already in existence, and inventing new tools, gradu- 
illy led, in 1882, to the Rogers-Bond Comparator. In 
1879, backed by the resources at Pratt & Whitney, Wil 
liam A. Rogers, then a professor of astronomy at Harvard 
College, and George M. Bond of Stevens Institute of 
[echnology, set up a research and development program 
that led, three years later, to this comparator, a device 
that made accurate measurements within 1/50,000 in. For 
1 discussion of standards that can be applied to today’s 
machine tools and many other products, see the article 


on page 5 JENEDICT EERBURGER, JR 
ge 5] B Al 





The precautions you should take before drawing this soft but brittle metal. 


Three-dimensional Drives 


Seven popular types of drives which transmit motion between nonparallel shafts. 


You and Your Employer 


Special report examines: what engineers want in nonfinancial requirements; 
what fringe benefits employers offer; and signing that patent agreement. 





Common Area of intersecting Circles 
A fast method that will give quick, preliminary estimates 


Points of View 


He’s an engineer, architect, designer—R. Buckminster Fuller discusses patents, 


education and industrial designers. 
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ONE pump becomes MANY .. . saving you pump dollars 
3 . «. giving you a wide range of clear water, non-clog and 
x other liquid-handling modifications ... when you stand- 
ardize your pumping operations with Fairbanks, Morse™ 
ADAPT-ABLE-pumps. 
3 ; F-M ADAPT-ABLES consist of a pump frame and simple 
adapter to which can be attached a wide variety of F-M 
{ ; hydraulic ends with enclosed, semi-open or non-clog im- 
pellers. Conversion is easy .. . inexpensive, too. 

F-M ADAPT-ABLES are ‘‘NEMA-Matched"’: pump mounting 
dimensions are standardized ‘with similar dimensions of 
Nema-driving motors. Gone is the need for make-shift 
aTcdie laber-lepiee-telale Mm s}iele. te: LaleMelelenielele-molelel lilire bk 

The ADAPT-ABLE design means that the most economical 
frame size may be selected to match the motor horsepower 
requirements of the pumping job. 

And there are other advantages: choice of mechanical 
seals or conventional stuffing boxes with easy field change- 
over from one to the other. . . interchangeable bearings 
for pumps and motors. .For special liquid handling prob- 
lems, hydraulic ends cam be specially alloyed to fit the 
needs: we've been solving such problems for generations. 

Regardiess of what liquids you pump... or where... 
“Fairbanks, Morse builds pumps and matching power units 
for your use ...in a greater range of sizes, types and capac- 
ities than anyone, anywhere. Start SAVING pump and 
“motor dollars by putting F-M's vast hydraulic experience 
to work in your plants, process lines and products... now! 


‘nema-matched ‘adapt-ables 


.. 2 Oot of pumps tr ONE package / 


ao 





os iw ee 





° . 
Fairbanks, Morse 
THE PROUDEST NAME IN PUMPS 
Pump and Hydraulic Division e Kansas City, Kansas 
A MAJOR INDUSTRIAL COMPONENT OF FAIRBANKS WHITNEY CORPORATION 








DEVELOPMENTS TO WATCH... 


Midget valve controls either pneumatic or hydraulic circuit 


Electro-hydraulic valves smaller than any previously available are now being readied 


for production at Electric Autolite [hese screw-in units will operate on hydrauli 
or pneumatic systems, can be used as pilots in large-valve circuits, or as a direct-control 
devices in small-flow circuits 

Autolite now has two series available for evaluation. One is a 0.2 amp, 12 v dk 
unit, 0.552 in. dia and 1.350 in. long that will handle a flow of approximatelh 


cu in./min. with a 100 psi pressure drop. The other is a 1 amp, 12 v de unit, 0.687 in 


dia with an over-all length of 1.898 in., and will handle a 327 cu in./min. flow 


New additive and finishing system improve copper parts 
An alloying addition that gives copper unusual resistance to bio-fouling, dezincification 
and other forms of copper attack; and a new pretreatment system that’s claimed t 
produce an usually clean, receptive surface for electroplating, are among the ne\ 
developments that promise improved copper parts 
The alloving addition is mercur Bridgeport Brass is using n its new Allo 
heat exchanger tubing, and savs this represents the first commer use of this meta 
in a copper-base allo The alloy itself meets standard ASTM specifications for heat 
exchanger tubing, is pr lj range between Admiralty and al 
Che new pretreatment, announced by Becco Chemical Di 
Chemical Corp., is a brief dip in a 25 ummonium persulfat 
warm water rins It replaces the conventional acid pickle 
pinholing of nickel plate as much as 73 of gold plate as n 
ment can be upplied with standard equipment, and chemical 


ra cent 


per 


Glass research promises super fibers 
Glass fib I t ™m 


rdinary gia 

increased amounts of alumina 
has not been reached vet 

pecn made ind h ha 


ilitv bet 


Another angle on spring design 





i 
mhguration 
ings in mater 
ia | ledo W oodh« Kl 
|, Shefheld 3, England 
camp f the difference between 
rational pring [WS 
vith a weight of | | 
naximum 
\ conventi 
milar service naximum 


§ 3,000 psi would require 





British = CONVENTIONAL AND “RATIONAL’ 


springs are compared here Note poly 


gonal shape of new design 
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For hand tools. Where space is a problem—cas in portable tools like ‘ or machine tools. This high-offset pair lets you combine high reduc- 
this one—the high offset lets you design a more compact unit. Choose on n strength, compactness and other advantages you might find 
just the offset to solve your design problem with a more flexible, more " ible in designing machine > igh-ratio h ds can be p 


compact unit than the corresponding worm and whee 








Big and strong. Where you need strength—as in farm machinery— ...0r small and smooth. For smooth opera 
high-offset hypoid pinions (with teeth which tend to “wrap around ore ment tha st run quietly—high offset pa 
larger and stronger than corresponding bevel pinions. An extended shank 


on cylindrical pinions makes very rigid straddle mountings practical 


t or high-ratio hy poids can be cut, tested, and 


quenched on the same Gleason equipment that is used 


on more familiar spiral bevel and hypoid gears You can G L & A My ©) N 


get more information ibout Gleason high-ratio hy poid 


5 \ 7 
gears by writing for tree literature. Submit your prints ) UNIVERSITY 


for recommendations * 








| DEVELOPMENTS TO WATCH... i 


continued 





Hafnium carbide makes tough, heat-resistant parts 
Hafnium, the element that was once just an undesirable companion for zirconium 
now turns out to have many virtues of its own. Not the least of these is its ability to 
form carbides, borides, and nitrides with outstanding heat resistance. The melting 
point of the carbide (about 7200 F) is exceeded only by a tantalum carbide-zirconium 
carbide combination, and the melting points of the nitride and boride (both close to 
6000 F) are the highest of their types. 

Heat resistance alone might not be enough to make these materials worth testing 
But they also have useful electrical properties (PE—Feb 9 °59, p 16); and recent 
reports, one from Metallwerk Plansee of Austria, indicate the carbide is tough enough 
to rate consideration for tool bits. It seems particularly suitable for applications of 
this type when combined with tungsten carbide, titanium carbide and cobalt, fo: 
machining steel and cast iron. 


High-voltage, high-energy-storage capacitors ready for 930 F 

Storage capacitors with an insulation resistance of 10 megohm-farads, capable of operat 
ing at 930 F and 1000 volts de, and in the presence of high-flux radiation fields, are now 
being readied for production. 

hese use boron nitride, hot-pressed on gold-plated iron electrodes, as the dielectric 
and are designed to be enclosed in an alumina housing packed with alumina powder 

Well along in development, but not yet considered ready for release, are ultrathermic 
5-megohm-microfarad 930-F capacitors using high-purity alumina, flame-sprayed on 
aluminum electrodes, as the dielectric. Similar designs, using magnesia and boron 
nitride as the dielectric, are also under test. 

Work on both types is being done under Air Force contract; the former by P R 
Mallory & Co; the latter by American Machine & Foundry 

(Note: For a report on resistors designed for similar conditions, see PE—Feb 1 
59. Pp 19 


transistor circuit-control for thermocouples, strain gages 

l'ransistorized chopper circuits that show a low and constant rate of drift with tempera 
ture change, that can be used over the full temperature range from —65 F to 212 F, 
and require little or no setup, are claimed by Smith’s Aviation of Wembley, Middlesex 
England 

Key to the new development, says Smith's, is a new and still experimental symmetrical 
silicon-alloy transistor with outstanding reliability of performance [wo of these are 
combined with four resistors and a transformer to make a chopper circuit which, the 
company reports, is about one-fourth the size of a mechanical chopper and sturd\ 
enough for normal field use 

First application is to be in thermocouples, and strain-gage applications are nov 
under test. The transistors themselves are made by Semiconductors Ltd. and are avail 
able from that company in sample quantities. 


Soviets use metal-ceramic disks for long-life friction gearing 

Steel friction disks, coated and reinforced with a copper-tin-lead-iron-graphite-sand 
asbestos mixture, are replacing bronze in multidisk friction gearing for automatic lathes 
and similar equipment in the USSR. 

According to the Soviet publication, Stanki i Instrument, the new disks far outlast 
conventional materials and offer greater uniformity. 

Starting point for the new disks is copper-plating the steel in a cyanide solution 
This is followed by diffusion burning at 1750 F for 24 hr in a hydrogen atmosphere 

Next, the metal-ceramic powder (70% by weight electrolytic copper, 9% tin, 6 
lead, and 4% each of graphite, iron, and sand, and 3% asbestos fiber) is pressed and 
sintered, and applied to the steel under heat and pressure (72 to 110 psi). Finally, the 
parts are cooled to room temperature in a reducing atmosphere ARG 
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WHAT'S HAPPENING IN RESEARCH... 


Only one particle 


after all? 

If the welter of particles 
mesons, hyperons, protons, 
trons—is becoming 
Chere sa 
that make 
simple indeed 

The theory proposed by J. W 
Haffner of Radiation Counter Labs 

There is, in 


itomic 
inhfineu 
confusing, don’t 


worry new theory at hand 


the whole business seem 


reality, only one ek 


call it 
But it can occupy 
] 


different self-energy level 


mentary particl electron o1 


meson if you will 
i great many 
in each, it takes 


quantum) states; and, 


on a different aspect. This has made 
they 
with different kinds of particles rather 


than a single on 


researchers think were dealing 


Haffner has 


ystem 


theor 


drawn up two Bohr-level 


lo explain nis 
solar-s 


type) diagrams showing the various 


levels or “orbit 


may 00x 


n which this particle 


found. One orbital system 


represent the positive-energy state in 


which the particles have a 


charge; the other represents the nega 


negative 


tive-energy state (particle 
In the 


particle upic 


with a posi 


tive charg former, when the 


the outermost yrbit. 


it is an electron, and this is the most 
At the 


mesons; 


stable position in this system 
next levels are the 
with the 
intiproton 


various 


innermost orbit being an 
In the other orbital system, the in 
stable, 


ind when the particle is at this self 


nermost position is the most 
energy level, it’s a proton 
Haffner emphasizes that this is only 
i theory, and in its early stages of de 
velopment. Discussion and amplifica 
tion will be 


most welcome 


Electrical and physical 
measurements made fo order 
As an adjunct to its instrument 
ental program (PE—Apr 20 °59 
14), General Electric’s Service Shops 
Dept is now offering to “measure vit 
tually any electrical or 


physical qual 


ties, alone or in combination—volt 


ige, current, rrequency, pressure, 
torque, strain, velocity, acceleration 
of practically any part or assembly 
lake the item to any GE Service Shop 
ind it will be forwarded to Schenex 
You'll get it back, says GI 


mmplete test data 


tady , with 


Ice fabrics reveal 


mass flow and crystallization 
savs W. B. Kamb of 
Technolog 


that has 


Glacier ice, 
California Institut of 


, 


iS 1 monominerail TOCK 


been metamorphosed while subjected 
related to the 


under the 


stresses 


ot the 


movement 


glacier influence of 


As with other metamorphic 


gravity 
recrystallized in 


rocks, ice is entirely 
this process. It is, therefore, possible 
the geologic technique of 


} * 
to th tud I 


to apply 
petrofabric ana 
e fabn 


jute 
1 


/ 


That's 
does explain wh 
pattern p duced by the S] 

onentathons 


patterns f 


ind preferred 
stals—reflect th 


tions 


nd strain related to glacier flow 


rship, Kaml 


Under IGY spon 


r these 


good 
movement 


I'he similarities, 


studies mdicate 


i yntribute 





Sounding off for 
better meters 

A brace of 
‘egg crate 


of pn 


lampet 
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SOUSAPHONE BELLS assure uniform flow of air through new wind tunnel built 
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GG CRATE 
STRAIGHTENER 


ider range of air flow than an 
nit known’’—20 to 


faster 


9000 ft/min 


im: better, libration 
. 
fiow meters 

Che Sousaphone bells, us 
nd of the tunnel, provide the flat pro 


file of air through the tunnel that gives 











ORIFICE ASSEMBLY 





AIR-BLEED 
DAMPERS 


VELOMETER AT 
LOW- SPEED 
CALIBRATION AREA 


PANEL BOARD 





SOUSAPHONE 











to calibrate air-flow meters 





WHETHER YOUR PART IS TINY... 
OR WEIGHS 100 POUNDS... 


VY 
‘\ “ty 


J 
Moldy \ wht 


~~ a 


We can 
investment cast 


it for you 


Today, no matter how large the part on your 
drawing board . . . whether it weighs a few 
ounces or as much as 100 pounds. . . Arwood 
can investment cast it. It makes no difference 
what the metal or alloy is. We cast all castable 
materials, ferrous and non-ferrous, including 
magnesium. So now you can reap the benefits of 
investment casting in the broadest range of 
part sizes, weights and materials ever. Benefits 
like freedom to specify the best possible metal 
for the job... sharply reduced production costs 


Machine the simple... cast the complex 


\ 


on complex shapes . . . quick, inexpensive tool- 
ing in design development work. 

Add to these the advantage of having a single 
casting source for all your investment cast parts, 
both large and small. 

Our five foundries can give you the metal 
you need, the shape you need, and the quantity 
you need, from a few design prototypes to many 
thousands. 

Write for your free copy of our 44-page book- 
let, “Practical Guide to Investment Casting.”’ 


arwood -“ 


ARWOOD CORPORATION « 325 West 44th Street, New York 36, New York 


PLANTS IN BROOKLYN, N. Y.; TILTON, N. H.; 
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GROTON, CONN.; 


LOS ANGELES AND LA VERNE, CALIF. 
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For positive, accurate speed control 


--- there’s nothing like P.I.V. 


From maximum to § minimum settings 


ARIABLE from top speed to mini- 

mum speed with no steps, no 
stops in between. That’s Link-Belt 
P.1.V.—the only chain-driven vari- 
able speed drive. Teeth—not ten- 
sion—permit instant ratio changes 
with no loss of speed, regardless of 
load conditions. 

Slippage? Not a chance—P.1.V.’s 
chain-to-wheel grip is positive as a 
gear. In fact, this is industry's most 
accurate, most reliable mechanical 
variable speed drive 

Your nearby Link-Belt office 
assist you in applying P.1.\ 
meet our variable speed rec re 
ments. Call today or write for P.1.\ 
Book 2274 containing complete 
formation on drives from 


25 hp. 


HOW P.1.V. WORKS. Exc 


2 iy . tooth-formine chain of P.1.V. cor 
| . ste 


: of packs of free-suding 
Helin ee eee 
peg eae ; ; . located on input ar 
; ‘flective diameters 
wertttt({t } eee left. 


ae ied i Mh lied 
\G bi baat 


LINK-BELT COMPANY 
Chicago 1 lo Serve 
Warehouses, District 

d Distributors 
New York Canac 
Marrickville, N.S.W 

ves I ughout the W 


. . VARIABLE SPEED DRIVE 
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FROM WASHINGTON ... 


High Secrecy Shrouds Our Spy Plane’s Photo Gear 


I'he White House has clamped a tight lid on all information related to the U-2 
spy plane’s camera equipment. But reliable sources say the cameras were made 
by Fairchild Camera & Instrument Corp. Fairchild won't confirm or deny. 

American newsmen in Moscow noted seven glass ports for cameras in U-2 
wreckage put on display by the Russians. ‘They also saw a 9 x 15-in. film-size 
camera with a 73B designation and an astro-tracker for calibrating pictures taken 
in flight with the sun. 

Fairchild has developed a high-acuity subsystem that will photograph a 2-ft-square 
object at altitudes in excess of 100,000 ft from a plane flying at speeds greater than 
Mach 2. Dubbed the KS-25, the photographic system is just now going to the 
\ir Force. It could be used in the Lockheed F-104. 

The KS-25 may be the follow-on version of the camera equipment used in the 
U-2. Fairchild won't confirm this point, and the company says cameras designed 
for subsonic flight cannot be used at supersonic speeds. But the U-2 flew at 
altitudes from 70,000 to 90,000 ft at just below supersonic speeds. 

The Air Force has a study underway to develop a camera with a 36-in. to 48-in. 
focal length that will show objects as small as 40 ft square from orbital altitudes 
of 150 to 300 mi. ‘The service won't give out any details of the project, or say 
how high the resolution will be in the first cameras for the Samos satellites. It’s 
an indication of the goal they are shooting for, however 


New Freezing Process for Fresh Water 


\ promising new process for converting saline water to fresh by freezing is being 
developed by Struthers Wells Corp of Warren, Penna, and Scientific Design Inc 
of New York. The companies are getting a contract from the government to build 
a pilot plant at Warren. ‘The process is designed to produce ice crystals about 1 mm 
dia instead of the 1/10 mm ones produced by other systems. Bigger crystals sim 
plify the key step in the freezing process—washing and draining the brine out of 
them. ‘The big crystals are made by closer control of evaporation conditions 
pressure, rate of flow through the crystallizer, and depth of the liquid through 
which butane bubbles. 


New Recommendations for Highway R & D 


Highway engineers have recommended additional millions for research equipment 
to study auto safety and highway design. ‘There’s good chance that much, if not 
all, the financing will be forthcoming. 

A five-man team made recommendations to the Highway Research Board, part 
of the National Academy of Sciences. Research on electronic control of vehicles 
“should be started immediately,” the report said, since some electronic aids to 
driving are already “feasible of adoption.” Recommended spending over 4 to 5 
vears was $3 million. 

A driving simulator, with TV tapes of driving conditions, geared to a computer 
that’s programed to driver reactions, is badly needed. Fstimated cost is $3.5 
million 

All told, the group recommended boosting present highway research of $17.8 
million to $52 million. Federal and state funds are allocated to such projects 
through the state highway departments, the Federal Bureau of Public Roads, and 
private sources 
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HOW CLOSE SHOULD 
THE TOLERANCES BE HELD? 


This part may be produced in a ten-stage, 
made from 0.030" low carbon cold rolled strip steel normal gauge to 
is 0.0015 or, a total variation of 0.003 


It will be 
lerance 


progress 


ls this tolerance tight enough? 


Of course, tolerance should be no tighter than necessary for the successful design 
of the finished part or for efficient, trouble-free stamping. If the part cannot 
be fabricated with a minimum of production trouble, the tolerance is not tight 
enough regardless of the design requirements of the finished part. In an 
intricate, high speed stamping operation, a variation of 0.003" could easily result 
in a high percentage of rejects; could cause frequent down-time 
adjustment; could create needless production problems 


constant tool 


Why not check your own stamping operation? 


Assured optimum production starts with the design specifications ith the 
specification of J&L Precision cold rolled strip steel. J&L can hold gauge toler- 
ances to tenths of thousandths to provide steel which will perform as your design 
specifies . . . to deliver the maximum yield per pound of steel 


The experience, facilities and accumulated know-how of a specialized organiza- 
tion . . . directed exclusively to the processing of low carbon, high carbon, alloy, 
tempered and stainless strip steels . . . are available to work for you. For assistance 
in solving your problems, call your J&L Stainless and Strip Division representa- 
tive, or write to Dept. 235Y-616. 
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STRIP 


CARBON - 
TEMPERED SPRING STEEL + ZINC AND COPPER COATED 


Low HIGH CARBON + ALLOY + STAINLESS 


Jones & Laughlin Steel Corporation +> STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 








Looking for an Engineering Material 
that works two wavs at once? 


¢ Check Urethane Elastomers 


The big design engineering advantage of urethane elas- 


tomers is their combination of a high hardness range 
(from 60 Shore A durometer to 65-70 Shore D duro- 
meter) with high elasticity (elongation to 800% ) which 
means a combination of working properties that gives you 
the structural strength of metals with the functional values 


of rubber 


Urethane elastomers are not merely another type of 


synthetic rubber; they are chemically-engineered mate- 
rials with a completely new combination of properties 
Properly designed urethane elastomer parts will outwear, 
out-perform other rubbers, plastics and many metals. 
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Mobay supplies Multrathane chemicals and tech 
nology for manufacturing urethane elastomers 


Elastomers made with Mobay’s Multrathane® line of 
chemicals have passed severe OEM tests for abrasion, 
impact and ozone resistance, flexing strength and wear 
properties 

If you have not yet investigated urethane elastomers 
for your design engineering requirements, get the facts 
from Mobay. Ask for the Multrathane Engineer's Manual 


MOBAY CHEMICAL COMPANY 
Dept. P-17, Pittsburgh 5, Pa. 


First in Uretnane Chemistry 
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Latin America’s Common Market; Boost to 


Product Design and Industrialization 


vill reach $9.1] 


} 
tik 


Chik 


5.3 billion of it 
narket area \ 
Americans now 


cCar;rs St) 


Brazil 


tte) 


> 
id Bu ho 


FOUR COUNTRIES PLANNING 


In Mexico, th \\ thingt m | I 


roreig npetition 
foreign competion 
been hard on Latin Ame 
One Brazilian compan 
| a sizable market for hoist 
gentina and Chile during World 
Il. but was forced out after the VAST FREE TRADE ZONE 
| uropean ind US competition emerges in the Western He 
| repe rts, inalvzing the pot ni isphere Darkened area indi 
th« ica, have voiced pa cates the seven original pa 
' ticipating nations Mexico 
high hopes for industnal 


Brazil, Argentina, Chile, Par: 
, 
nt industries and autos. At guay. Uruguay. and Peru 
Latin American industr 


Later on, other nations i 


Central America 
are xpected to join 
vorth of industrial equipment we Cn ~ ae 


>> 


» be purchasing about $2.2 bi South and 


each vear, but only $200 million of 
this manufactured locally. Predix 


tions indicate demand for such items 
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COMITA RADIO, designed by Radio 
Impulsora Mexicana, has distinct ad- 
vantages for the Latin American mar 
ket—chiefly, it is inexpensive One 
reason for its low price tag is high 


n Mexico throughout Central Ame! 

a and northern South America. A 
Brazilian plant of the company will 
southern half of the 
\ host of oilfield-equip 


handle the 
ontinent 
ment makers are setting up plans 
Cameron Iron Works, Dresser Indus 
tries, Hughes Tool, Taylor Forge and 
Joy Sullivan 
thers 

In Chile, 


plant recently expanded and, with its 


Manufacturing, among 


the Huaschipato steel 


new equipment, is now able to pro- 


duce steel at lower costs. Exports of 
sheet to Latin America are expected 
to surpass the $9.7 million worth 
shipped between July 1958 and June 
1959, 

In Argentina, ITT’s subsidiary ex 
ported about $2 million of telephone 
quipment to Cuba and Chile in 1958 
This country is now self supporting 
n producing electric motors up t 
200 hp An Export-Import Bank 
loan to Tallers de San Justo, an Argen- 
tine firm, jointly owned by SIAM di 
ella, Westinghouse Electric Interna- 
tional and others, will finance a new 
plant for production of 1200-hp gen- 
375-hp electric motors 
for railroad traction equipment, and 
ilso power transformers up to 40,000 


erators and 


kw capacity. 


In Brazil, Burroughs set up a plant 
for manufacturing adding machin 
in 1958 
machines 
company has not yet exported them 
to neighboring countries. The Bur 
roughs plant also assembles account 
ing, receipting and validating ma 


16 


Brazilian demand for the 
has been so great that the 


factory productivity gained by simple 
adaptations of inexpensive tools. Mul 
tiple drill-head (left) makes four holes 
in one pass. Each cycle requires 5 


sec compared with 15 sec before the 


Swiss 
lectrical manufacturer, has a_ plant 


hines Brown-Boveri, the 
in Sao Paulo for manufacturing elec 
trical equipment One of the impor 
tant products of this plant is hy 


Brazil’s 
industry. 


drogenerators for growing 
These 


made up to 


hydroelectric-power 


generators have been 


80,000 kva. The plant also produces 
single-phase transformers up to 125, 
000 kva, three-phase models up to 
40,000 kva, and complete substations 
up to 88 kva. It also assembles some 
equipment from parts sent from Switz 
erland. 


EUROPEAN AUTOS POPULAR 


In autos, the Latin Americans gen- 
erally prefer European designs. The 
mall cars are better suited to Latin 
American budgets and narrow streets. 
Among vehicles, the 
It is 
small, powerful and easy to maintain 


US-designed 
Willys jeep is most popular. 


But just about every auto company is 
trying to cut in on the Latin American 
market. Until last year, Industrias 
Kaiser Argentina, a 35% US-owned 
company, dominated the industry in 
Argentina. Since then about two 
dozen foreign companies have asked— 
and received—permission to set up 
Argentine law 
requires that foreign firms manufac- 
ture almost the entire product locally 
within five years. The newcomers in- 
clude Ford, General Motors and 
Chrysler from the US; DKW, Heinkel, 
BMC, Fiat, and Citroen from Europe. 

The auto industry in Brazil has 
taken shape for the most part since 
1955. GM, Ford, Mercedes-Benz and 


manufacturing plants. 


tool was adapted. Adapted soldering 
iron (center) fuses body and front to- 
gether. Plastic body (above) finishes 
the assembly. Price of this five-tube 
is $12 


DKW ar 


piants there 


mong th 
Wills 

some of which are expor 

of Latin Ameri 

s; manufacturing a smal] 


parts 


vill be exported to the US 

As vet, not too many US plant 
Latin 
issembly in 


manufacture 
America for 
the States. But there are some cases 
Motorola makes antennas 
in Mexico for shipment to 
Lenkurt 


that involve 


compon¢ nts in 


export and 


ind aerials 
the US; 
ndensers 

handwork; 
mpany with 
ind dies to 


Brazil a large foundn 


Electric make 
considerable 
ind Ciosa, a Mexican 

US interests, ships tool 
America. In 
with US interests, ships small orders 
of locomotive wheels to the States 
Railroad-car production in 


ng industry in Brazil. 


xpand 


DESIGN BECOMING INDEPENDENT 


Perhaps the most significant trends 
now observable in Latin America are 
1 growing independence in engineer 
ing design and the development of 
products specifically for the Latin 
Radio Impulsora 
Mexicana has designed a small, five- 
tube radio with plastic body that will 
sell for about $12. Among its advan- 
tages for this market are: simplicity 
ilmost any repairman can set it right; 
and versatility—the model has a spe- 
cially designed transformer-input sec- 
tion, which can be easily adjusted to 
any supply voltage. This is important 
in the Latin American market because 
there are a wide range of voltages. The 
company sells models of its Comita 
radio in Central America and plans 


American market. 
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an assembly plant in San Salvador. 
rhis company has also developed a 
transistor radio for consumers in areas 
without electricity, and 
frigerator. 

Industria 


a cheap re- 
Electrica Mexicana, 

company in which Westinghouse has 
12% interest, has developed and pat- 
ented some products on its own. One 
is a cheap gas stove with jet burner 
made inexpensively from local mate 
rials. TEM expects to sell this utilit 
model throughout Latin America at a 
low price lhe company has also de- 
veloped a special tropical insulation 
refrigerators. Made of ex 
panded styrene beads, the insulation 


for its 


is said to maintain uniform tem 


peratures inside and prevent cabinet 
IEM, 
electrical 


transformers and 


sweating in tropical climates 


however, expects heavy 


equipment, such as 


, 
the staple of 


switches, to constitute 
its Latin American sales. Such equip- 
ment will have to be speci illv de signed 


for the range of voltages 


MARKET PLANS NOT FIRM 


Ihe free-trade zone is still very 
much a paper plan. But signatory 
nations have agreed to a schedule for 
Next 


] 


implementing its proposals 
month, the various countries involve: 
will let each other know what items 
And by October 
1, each of the nations will announce 
what items it will accept for tariff re 
A formal meeting in N¢ 


vember will draw up official import 


they wish to export 


duction 


export lists 
c tte C t. the 


US and Europe will probably notice 


i decline in their exports of radios, 


IV, autos, trucks, plastics, machinery, 


As implementation take 


railroad equipment, small ships, mo- 
tors and light aircraft to Latin Amer- 
ica. But the higher standard of liv- 
ing and emphasis on industrialization 
in Latin America will probably in- 
crease the area’s net demand for heavy 
industrial and electrical equipment, 
cranes, equipment for steel and alu- 
minum plants, equipment for the oil 
industry, jet and military aircraft and 
other heavy transportation equipment 
But for all these products, US pro 
ducers will have to compete with 
European, Japanese and even Rus 
sian sources for the Latin American 
market. Hence, US companies pro 
ducing in the European market 
(PE—Dec 21, p 21) may reap addi 
tional benefits. * 
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Precision Dimpling Possible 
With New Portable Machine 


SeaTtLe, Wasn—A portable dimpling 


machine, which operates in area 


formerly inaccessible to such equip 
ment, has been developed by Boeing 
Airplane Co 

Ib and hydraulically operated, is ca 
pable of forming dimples for #:- to 


Che new tool, weighing 


l-in.-dia fasteners in 0.020-0.050-in 
heets of aluminum alloy 7075-T' 
ind 0.020-0.064-in. sheets of 
2024-T4. 

Dimpling involves the forming of 
hallow, dished-out depressions around 
holes drilled in sheet metal. On ai 
plane skins, these dimples help achieve 
1crodynamic smoothness in_ riveted 
ireas. On bulkhead panels and other 
tructures, they permit surtace flush 


Hess The 


irly in the 


process normally occurs 


produc tion sequence 


vhen sheets or sections are small 


enough to be handled on stationary 


dimpling machines located in the 
shops 
In final assembly and later modi 


repair work, however 


heation and 
dimpling can become a major prob 


wailable C-yoke« 


esign tools can be used only at point 


lem. Commercially 
vithin about 6 in. from the edge of 
sheet or panel. When dimpling is r 
quired elsewhere, it has been neces 
sary to remove the affected part or 
kin section from the airplane and take 
t back to the stationary dimpling 
nachine in the shop 
Boeing’s ram-coin dimple 

iwav from the restricting C-yoke. It 
itilizes a separate assembly, which in 
cludes the dimpling die and a clamp 
ing device known as a split-nut collet 
chuck. The assembly also includes a 


spring-loaded ram with preset action 


heck and preve 


metal in the dimpled 
Heart of the tool i 
Slende 
to a pulling force of 
tons, the mandrel 
strength tool steel 


ives it in extreme 


} ] 
manare! 


strength. At on« 
t " depth oT U.UI 
This permits ea 


t nside the 


pata 

vithout material 
the shaft he 
ged, with standard 
ittachment to the 


Mandrels are mter 
rormul 


} 
Lr=4 


: dimples of differ 
ind can be used inc 
temperature. Wh 

dies, useful life 


MANDREL of portable dimpling ma- 
chine, developed by Airplane 
Co, is being inserted in a simulated 
panel from the outside while the split 
nut collet-chuck is being p 


sjoeing 


ywsitioned 
and placed on the mandr from the 
inside of the pane 


























SAVES COSTS 


Notice how simple this speed reducer becomes when you 
start using Hyatt Hy-Roll bearings. It’s easy to design, 
quickly drawn and requires no costly end clamps, threads, 
nuts, screws or washers. That’s because Hyatt Hy-Roll 
bearings can be affixed to the shaft with a heavy press fit 

. to become, for your purposes, actually part of the 
shaft. Since Hyatt Hy-Roll races are made from case- 
hardened, low carbon steel, rather than through-hardened, 


they will never crack or come loose. 


























DESIGNS 
WHEN 


SPEED-UP PRODUCTION 


Look ahead to the time when this same speed reducer goes 
into production. Then you'll see why Hyatt makes all 
separable ves interchangeable within the same part 
number. For it allows you to press the race on the shaft at 
one work station, then fit it into any of the mating 
assemblies already installed in the housing at another 
station. You don’t have to worry about matched assemblies 
because Hyatt has made selective fits a thing of the past. 
Think of the time it saves! 
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CAN BE SIMPLER 
YOUR “SPECS” READ 


SAVE SPACE 


Here : the type of design problem you'll see every day. Che 
horsepower has been increased, so this transmission input 


shaft must have a larger diameter and the pilot bearing 


must have added capacity. Yet both modifications must be 


made without an increase in overall dimensions. Sounds 
difficult, doesn’t it? But only until you start using Hyatt 
Hy-Roll Bearings with separable races! 

For increased bearing capacity, use a larger Hyatt 
BU-type bearing at the pilot and eliminate the outer race. 
Then specify a Hyatt TS-type bearing for the input shaft. 


By eliminating the inner race, you have more than enough 


room to increase the shaft diameter. And both changes are 


made without increasing the size of the gears or the hous- 
ing! This is the perfect solution wherever you can harden 


and grind the mating surfaces to bearing race specifications. 


Hyatt produces 10 major bearing types—four have 


separable inner races 


—four non-separable = | 


—and two have separable outer races. 


The seporable race can be omitted and rollers oper- 
ated directly on the shaft or in the housing bore, in 
instances where the bearing surfaces can be brought 
to suitable hardness and finish. 


For full details on selection and application 
of these bearings see Hyatt Catalog 150 or 
call your nearest Hyatt sales engineer. 


Hyatt Bearings Division, General Motors Corporation, Harrison, New Jersey 


YAT Var. ROLL BEARINGS 


IN ROLLER BEARINGS HYATT 1S THE WORD FOR MW 2: 
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rack-free d mples by a two-stage pull 
ing and pushing action Ihe tool, 
with mandrel attached, is inserted into 

hole from the outside 
ing assembl\ 
drel from th 


tioned 


lhe clamp 
slipped into the man 
inside and firmly posi 
underside of the 


) | 
dimpled 


igainst the 
material to be 
Two concentric piston-and-cylinder 
units are independently actuated and 
ontrolled for 
thicknesses 
stage 1 preset 
the material; in the second, a punch 


into the die, 


metal 
In the first 


is exerted on 


forming various 
ind diameters 
squeeze 
projected forming the 
dimple 

\ unigue application of the tool is 
n tube dimpling. When dimpling b« 
yond the reach of the 


extension 


operator, an 
sed merely to locate the 
huck insid the 


lipped mto the 


tube so it can be 
The chuck 
removed after 
limple nad & 


mandrel 


easil re ised and 


S.S. France on the Way 


Launched at St. Nazaire is the French 
Line’s 1035-ft liner France. The 
68,000-gross-ton vessel has a top speed 
of 31 knots; two of its four screws 
give 23 knots. The vessel’s 160,000-hp 
propulsion plant is split into two 
autonomous halves, consisting of four 
two geared turbine ’ 
driving two propeller shafts. In the 
event of major compartment flooding, 
either fore or aft, the remaining pro- 
pulsion unit could drive the ship. The 
electric powerplants for the ship’s 
services are also divided and sepa- 
rated. Compared to her famous 
predecessor Normandie, the France is 
faster, using same hp but less fuel. 


boilers and sets 


20 


Liquid Isotope Reveals Variations in Metal Thickness 


After a low-energy radioisotope—samarium 153 


is dissolved in hydrochloric 


acid, the solution is used to measure tiny variations in wall thickness of engine 


components made of nickel-base alloy. 
Div. of General Motors specifically for determining 


Technique was developed by Allison 
thickness of an experi- 


mental turboprop engine’s vanes and blades. Solution fills a hollow blade with 


radioactive fluid so that radiation energy can be 
GM engineers hope this technique can 
other small hollow extrusions or 


walls. 
thickness of 


measured through the blade 
be applied to measuring wall 
castings with design intricacies 


that make conventional gaging impossible. 


Senator Hits “Giveaway” 
of US Patents 


W ASHINGTON—S ng 


| 


Sala he 1S 


D-La 


requiring the gov 


introducing a bill 
nment to claim a 


~ 


patents resulting from government-h 


nanced research and development. 


Senate speech he contended 


| 


In a 
that 


valuable patent rights fot 


federal policy now surrenders 
new pro 
esses and products developed or in 
vented at government expense 

“The patent policies of the Defense 
Dept and the National Science Foun 
dation constitute a giveaway 
which makes the 
dal of the 


inte game,” Long said Ld 


program 
leapot Dome scan 


I'wenties seem like a penny 


British Coordinate 
Metallurgical R & D 


National 


Center for correlation and dissemina 


LONDON—A Information 


tion of data on creep and fatigue in 


rch (DSIR) at the Na 
gineering Lab, East Kilbride 
ish metallurgical research or 
tions will submit experimental 
the center 


ed ind 


This data will be 


presented to users ind 


designers in a prearranged form, Ld 


NSF Appeals to Libraries, 
Information Centers 


The National Science 
Foundation is urging all scientific and 


W ASHINGTON 


centers in the 
Memorial In 


inclusion in a 


t information 
US to contact Battelle 
stitute to ensure their 
proposed directery of such 


echnical 


enters 
soon as possible 

Because the value of such a com 
pendium depends upon its compre 
hensiveness, the NSI 
tion centers to send name and address 
to William H. Bickley, Battelle Me 
morial Institute, 505 King Ave, Co- 
lumbus 1, Ohio * 


asks all informa 
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Numerical Control Without Numbers 


CLEVELAND numerically con 


unveiled here last 
& Swase &- 


mecmo;°ry 


\ new 
trolled turret lathe 
week by Warner 


its own clectronK 


includes 
designed 
to store and recall the sequence ot 
commands of anv machining cycle and 
to put the various feeds and motion 
into action automatically 


mtrols are ll-ele 


The machine's 
tric: the console has no 
handwheels and the dial indicators 
built 


S rvo-powered 


operator s 


showing turret 


right into the 


movements are 
consok 
joy-sticks can be pushed in any of fou 
directions and the turrets will be 
driven in the chosen direction at 
speed proportional to lever movement 
ontrol 


The automati mode of 


eration 


requires no outside 


ing The operator runs 
machining cvck 


progi iin 
through 
manual contre 
and after each cut simp! 


push s a butto ) TECO! the 


chon 
in the memor eed, speed, start-of 
cut, length dimension on th 
work are then permanently recordec 


here is provisior 


dividual 


1 for changing in 

] ] 
ommands as tool wear 
+] 
t] 


er variable calls for a modth 


i 
I opel I ws the 


t needing alter 
h the machin 
makes th« desired 
ind 
on 
been 

substituted 

in the hori 

zontal direction and ) 
the cross direction can be 


A method of 


cuts is also included in the 


, 
made 
producing contouw 
pl cing 


contro 


system 


\ prepared tape irnies the 


sequence of motions and the memor 
draws on this information once th« 
precise starting point of the contour 
When the contour 


has been completed, th tape signal 


} tur 


has be nm reac he d 


n to the control’s normal mem 


for next set of instr 10 s 


Compressor-disk Wheel Trouble Grounds British Airliner 


bursting of one of 15 
Rolls Rovece 
turboprop engine has grounded Bnt 
ain’s newest big airliner, the Vickers 
Vanguard. Examination of other en 
gines awaiting delivery revealed crack 


ing in one other disk. Similar failure 


LONDON he 


compressor disks in a 
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NEW LATHE has two turrets inclined 20° from the vertical. Foreground: 
the pentagonal indexing turret; in background (behind the shield), 
square turret. Operator’s control console is mounted on 
machine, can move along this rail independent of turret 
stock control center sets automat 


a smaller, 
front rail of the 
positior The head 


ic modes and controls 





FRONT RAIL CONSOLE has independent control areas for each turret and 
for basic machine setup. Dial indicators are remote electrical repeaters showing 
changes in turret motion. Graduated in 0.001-in. increments 
to 0.0005 in. At bottom of each turret-control 
control direction and speed of turret 


, they can be read 
area are two joy-sticks that 
motion by direction and inclination 


spite its advanced featur Most like 
cause appears to be a variation in 
batch of disk metal. If 
inherent 


in the air could be disastrous, since 


the unit spins at high speed and pieces 
breaking off have been known to shat- 
ter an aircraft's wing 


there is n¢ 
defect chances aré¢ 
that at least three Vanguards will be 
entered 


design 


This is the first time that the 
5000-hp, high-temperature Rolls en 


gine has had any 


into service next month by 


British European Airways on its Lon 


serious trouble de don-Paris route . 
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ADIPRENE L 


new Du Pont liquid urethane elastomer 





CARRIES A HEAVY LOAD An outstanding attribute of 


this new Du Pont synthetic rubber is its combination of toughness, 
high load-carrying ability and resilience. Load-bearing capacities of 
hard ADIPRENE L compounds far excel those of general purpose 
synthetic rubbers. 


COMPRESSIVE STRESS, PSi 





_-~ GENERAL PURPOSE | 
a NATURAL RUBBER | 


2 — COMPOUND 
% DEFLECTION Wg 
RESISTS ABRASION Both in the laboratory and in een 
actual service, ADIPRENE L has demonstrated its ability to resist 
wear. On industrial wheels it has outlasted natural rubber as much 
as 10 times . . . has more than doubled service in pump impellers 
handling abrasive slurries. 6 J 





NOT BRITTLE AT “EIGHTY BELOW” aoinene 1 


vulcanizates maintain their resilience at —20° F. . . . and do not 
become brittle at temperatures as low as —80° F. They exhibit out 
standing resistance to thermal shock, and will operate at intermit- 


tent temperatures as high as 250° F. 


OTHER PROPERTIES Products made from ADIPRENE L are available in 


various hardnesses from 10 to 99 Shore A (78 Shore D). They resist the action of 
lubricating oils, greases, weak acids, alkalies, as well as oxygen, ozone and radiation. 
Suggested uses for ADIPRENE L include industrial rolls, motor mounts, seals, potting 
compounds, solid tires, striker plates, wear-resistant linings and coverings. Write 
for booklet on properties and applications of this new material. E. I. du Pont de 
Nemours & Co. (Inc.), Elastomer Chemicals Dept. Pik-6, Wilmington 98, Delaware. 


SYNTHETIC RUBBER 
NEOPRENE HYPALON® VITON® ADIPRENE® 


Better Things for Better Living .. . through Chemistry 
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UNSHAKEABLE SELF-LOCKING PERFORMANCE IS 
BUILT INTO AN ELASTIC STOP NUT 


Start with a standard hex nut 
and add a metal crown... 


Add “‘the ring Qos reliability” — 
the easily identified ESNA red nylon locking insert... 


Then roll the crown over smoothly ard stake— 
the insert is made an integral part of the Elastic Stop nut 


BUILD FASTENER RELIABILITY INTO YOUR PRODUCT! 


Take an Elastic Stop nut and mount it on one of your prod- 
ucts where vibration is really severe. Shake the daylights 
out of it in the roughest torture test you can devise—or better 
still—send it into the field where it’s subject to regular use 
and abuse. 


Here's what you'll find: That Elastic Stop nut will stay 
put! The bolt threads are impressed into the nylon locking 
collar with such a perfect fit that internal liquid seepage is 
sealed off. Internal nut and bolt threads are protected 
against corrosion. The nylon insert locking torque is so 
smooth that it never galls or distorts bolt threads; and nylon 
is so wear-resistant that under normal usage you can wrench 
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the nut on and off the bolt 50 times or more and t) 

will still remain tight under vibration! Protect the } 

ance and the reputation of your product by guarant 
fastener reliability. Try it yourself and see. Send for fr 
test samples. Just tell us the size. Dept. 853-645, Elastic 
Stop Nut Corporation of America, 2330 Vauxhall Road, 
Union, New Jersey. 


(Gu 


ELASTIC STOP NUT 
CORPORATION OF AMERICA 
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TRENDS IN APPEARANCE DESIGN 


THE YEARLY MODEL CHANGE MUST GO! 




















WAI a 


J GORDON LIPPINCOTT 
Lippincott and Margulies, Inc., industrial 
designers, New York City 


8 I‘here simply isn’t enough creativity within industry to 
produce what are truly innovations in outward design 
each year. This is true whether the products are refriger- 
ators, automobiles, washing machines or anything else 
Neither is it possible to come up with something new and 
different in a mechanical sense each year, despite the ad- 
vances in technology. 

Yearly model changes have to some degree downgraded 
the function of the engineer—even in the eyes of the en- 
gineers themselves. After all, it is hardly stimulating to be 
told that your work is not appreciated by the consumer— 
that all the consumer buys is the glossy, streamlined 
outsid 

lhe annual re-do also has had its effects on the indus 
trial designer. ‘The design of many products becomes a 
kind of millinery type of operation. Style changes are 
made merely for the sake of being different, not for being 
better. | am sure that engineers as well as designers have 
observed many products that were well designed from an 
appearance standpoint when they started out. Then, the 
following year, the design is rearranged; yet the inside and 


even the function remain substantially the same. The 
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rearranged design is almost always worse in appearance 


than the original. 

If you talk with engineers and designers you find them 
resenting the fact that the products could be made better 
if retail figures that must influence the quality of compo 
nents were not insisted upon 

Obviously those people concerned with manufacturing 
would also like to see the yearly model dropped. No 
one likes to set up an assembly line and sources of suppl 
and see them upset every year. Particularly when the 
know in their hearts that the changes don’t amount to 
much. Manufacturing could also do a better job of qual 
ity control if they were not plagued with the yearly model 

Another penalty of introducing a model every year 
is that they come out too fast for de-bugging. Several! 


years ago we were working with an appliance manu- 


facturer. To meet a marketing requirement of a new 
yearly model, the client put out a new model—riding 
over the heads of his research group, simply to meet a 
marketing deadiine. ‘The model had to be withdrawn from 
the market because it had so many bugs in it. 

The yearly model undoubtedly has been a marketing 
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stimulant. We know that when the word “new” is added 
in a big yellow patch to a package, it generally increases 
sales. But we suspect that the consumer is beginning to 
have doubts. There are indications that the consumer has 
seen the big yellow patch shouting “new” too often on too 
many products that were really not new. 

This possibly was the biggest criticism of the Edsel 
automobile. With all its advance publicity of being an 
entirely new car, when it was finally launched, it was just 
another automobile with a new configuration of chrome 

By contrast, observe the Volkswagen ads, where the main 
appeal has been that there are no yearly model changes 
This is one of the first cracks in the dike, indicating appre- 
ciable numbers of American consumers would prefer not 
to have a yearly model 

There have always been marketing problems in yearly 
models, such as how to sell the obsolete model without 
cutting the price. After a time, the necessity of doing 
this affects consumer attitudes toward list prices. 

Does this mean that there may be a connection be- 
tween the growth of discounts in retailing and the yearly 
model change? We think there is. We think that the 
vearly model, while it has stimulated marketing, also has 
had its unwholesome side-effects—and these are now begin 
ning to catch up 

lhere is no doubt at all that vearly model changes have 
created great problems in distribution—particularly in in 
ventory. Let me give you an example 

Last month, our dishwasher motor burned out. We 
chose this particular make of dishwasher because my wife 
knew they have the most satisfactory service facilities. But 
despite the fact that we live just outside New York City, 
ind despite these excellent facilities, it took over a week 
for the service man to get the dishwasher operating again 
He did not stock the parts and apparently there was diffi 
culty in even getting them out of New York. 

We have also had the experience of having an appliance 
only five years old made useless because the model had 
been discontinued. ‘The parts for a relatively simple repair 
were no longer obtainable 

he pressures inherent in the marketing concept of 
the yearly model have brought about excessive gadgetry 
in our products. ‘There are too many pushbuttons on 
They may save a small 
amount of labor on the part of the operator but thev all 
make the product more complicated 


our washing machines and dryers 


They are all points 
at which the mechanism can break down 

An example: pushbutton controls to raise and lower auto 
windows. Now it’s true that a window will go up and down 
easier with pushbutton than with crank and handle, but 
is it sufficiently better when you consider it as a mainte 
nance item? I recall that on a car I owned, I spent over 
$150 im just one year having these window-raising mech 
anisms repatred. 

I'he problems of getting these repairs accomplished over- 
seas are immense. A frend of mine, who lives in San 
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Salvador, owns a coffee plantation. He tells me that when 
a record player or a portable air conditioner breaks it is 
cheaper to throw the entire unit out than try to get it 
repaired down there in Central America. He simply won't 
buy most American products because of the difficulties of 
getting them repaired 
When I asked about products from other countt 

And he think 
this is because their goal has been simplicity and reliabilit 
In talking with others last winter in San Salvador | wa 
surprised to fiad that they are now buying such mechan 


he replied that they are better engineered 


c2l products as typewriters, radios, refrigerators and aut 
mobiles from countries other than the USA. One man 
remarked that only in the area of roadbuilding and earth 
moving machinery is the US still ahead of other cou 

it is interesting to note that such products are still | 
uninfluenced by the yearly model concept 

[hese people admitted that price had much to 
it, but they also felt that other countries’ manufa 
had a better understanding of the needs of a for 
ket than American companies 

It is a cinch that getting rid of the year! 

or planned obsolescence—and changing back to a 
mon-sense system could not possibly occur overnight 
example, neither Ford, Chrysler or General Motor 
suddenly announce individually that there would no lot 
be yearly model changes. For them to do 
competitors did not, would put them at a 
ing disadvantage 

I feel the change is most likely to begin wit 
the Big Three bringing out an automobile advert 
model that will not have yearly changes 
substantial market for this car, particularly 
is told that the savings will be passed on to 

The consumer should also be told and will 
derstand that if there are no yearly chang 
be gradually engineered out of the car and 
money can be spent in higher quality component 

After several years the economies of not having 
model would become apparent to the Amencan co 
It is conceivable that after a period of time mo 
iutomobiles sold might not be yearly models 

Once such a situation developed, how and wh« 
genuine innovations be introduced? When yor 
ready to introduce them—and not on a timetable 
by the demand for a yearly model change each fal 

I don’t think the abandoning of stvle obsolescence 


the vearly model would slow down innovation at 


Quite the contrary. I believe it would further stimu 


it. Furthermore, the wise manufacturer would be the 
who would not put out an innovation unless it was ge 
ind well proven 

This means the’ manufacturer could devote m 
engineering time and manufacturing talent to creating 
well-engineered and reliable product. In other word 


more on the inside and less on the outsick 
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NEWS ABOUT 
PRODUCT DESIGN 
AND 
MATERIALS 


Each of the members of the Dow 
family of thermoplastics has its 
specialties . . . and each mem- 
ber’s specialties can be further 
compounded into formulations 
that highlight one or more 
strong features. The result: A 
wide range of highly special- 
ized plastics with such features 
as economical production . . . 
high impact strength . . . high 
heat resistance . . . exceptional 
moldability. Take fan wheels 


molded of Tyril® for instance . . . 


; 


The happy marriage of modern plastic 


1é¢ hnique s has been a boon to produc { designers 


duction methods assured at the outset, they have 


materiais and 


j 


mass production 
With economical pro 


been able to take many 


new and original plastics materials from the research labs of Dow ana 


biow, squeeze, 


bility, color appeal, and the “tomorrow” 


look 


mold and extrude them into products with built-in dura 


Here are some ideas 


DESIGN AROUND HEAT, 
IMPACT, CHEMICALS, WITH DOW 
PLASTICS MATERIALS 


An excellent balance of physical proper- 
ties—with special emphasis on high criti- 
cal elongation and good heat resistance 
qualify Tyril for the vigorous, on-the-job 
performance requirements of a conden- 
ser fan wheel 

4 Dow copolymer of styrene and acri- 
lonitrile, Tyril provides the exceptional 
molding characteristics required to re- 
produce the complex configurations 
reverse curves and angles of the mold; 
and to maintain the high axial accuracy 
of the fan wheel in operation. The high 
tensile strength of Tyril minimizes creep 
and cold flow. And in production, faster 
cycling and better moldability result in 
marked economies for the manufacturer. 
Heat resistance, too, is an important 
feature of Tyril in this and other appli- 


cations. In fact, by successfully with 
standing the high temperatures of a 
condenser housing, this fan wheel made 
of Tyril has the approval of the Under 
writers’ Laboratories 

[he outstanding performance charac 
teristics of Tyril are currently making 
it the favored Dow thermoplastic for 
such products as tumblers 
bristles, filter bowls, rigid food 


cutlery 
handles 
containers, closures, pencil barrels, med 
ical equipment components, and sprayer! 
heads 

Mouth-to-mouth resuscitation takes 
giant step forward with the introduction 
of this unique mouth-to-mask 
tator. This handy device relies on the 
special properties of thermo 
plastic materials in its design 


resuscl 


several 


aes ee TR RE LT ee a 
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Resuscitator relies on a variety of plastics. 
EE i A SE 
Both the patient’s and operator's mouth 
pieces molded of Styron® 440 to 
take the hard knocks cf emergency use 
and for the good fabricating qualities of 
this plastic material. The resuscitator 
tube and the catheter tube are of vinyl 
formulations. The “airway” for keeping 
the patient’s throat clear is molded of 
tough moisture 


polyethylene 


are 


and chemical-resistant 
And the aspirator jar ts 
molded of Styron high 


impact, high-heat resistant formulation 


also 140, a 


When washday rolls around, this same 

formulation 
willing, and able to meet the chal 
today’s automatic washers. Lint 


vers Stvron 440 is 
ready 
lenge of 
filters and other parts molded of Styron 
440 have the extra tensile strength to 


withstand years of rugged service 


SRS a St SED BSE Se 


individual paint pots are molded of Tyril. 


Lint filter of heat-, chemical-resistant Styron 440 


the chemical and heat resistance to 
shrug off effective laundry detergent, and 
high water temperatures 

Another example of versatile Styron 440 
in action is the rotary card file above 
Styron 440 gives it extra impact strength 
It won't warp, nor will rough treatment 
affect the appearance of the tough, lus 
trous Inside, ribbed 
keep the cards in order ribs that can 
be formed accurately thanks to the ex 
cellent moldability of Styron 440 


case separators 


Everyone's an old master when he rolls 
up his goes to work on 

numbered oil painting set. The latest of 
sets has individual paint jars molded of 
Iyril. This rigid material was selected 
for its ability to reproduce fine details 

especially in the molding of the screw 


sleeves and 


Low-cost transit protected by Ethocel. 


HOW ABOUT IT? Have you taken a close look at your products lately in terms 
of (1) the new and original plastics from the research labs of Dow, (2) the 
new formulations and applications of the established Dow plastics, or (3) the 
new economies in production techniques? An examination today might mean 
greater sales appeal and more efficient production tomorrow. If we can be 
of any assistonce—from selecting the right formulation for your product, to 
assisting you in color styling—please write The Dow Chemical Company, 
Midland, Michigan, Plastics Merchandising Department 1719DZ6-13. 
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Rotary card file of shock-resistant Styron 440 


top threads and grooved bases of the 
paint jars 

Other characteristics of Tyril make it 
the ideal thermoplastic material for 
housing. Tyril meets the 
and nonmagnetic 


car compass 


tests for ruggedness 


qualities and it is resistant to chem 


cals and distortion ove wide tempel 
ature range 

The aristocrat of plastics, Ethoc« 
t Dy the manutacturer ol 


een ciected 


these accurate, lOW-COst split image tra 
Extremely high impact strength 
rugged service wr dimen 
that 
rately positioned in one place were the 


Ethocel 


ind superic 
sional stability Keeps the lens accu 
recommendations for 


application 


Compass housing of rugged Tyril! 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 
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| READER TO EDITOR | 





Where Did You Get That Figure? 


To the Editor 

In the May 9 issue you have an arti 
cile, entitled “Does Your New-product 
Idea Measure Up?” (p 59). About the 
middle of the second paragraph, (2nd col 
you say, “At this rate, a 12.89d or 
$1,891,169." Try as I may, I cannot dis 

cover where 12.89d came from 
—Dr T A Hunter 
Manager, Analvtical Sciences 
The Cleveland Pneumatic Tool Co 


Cleveland 


@ You are right, we shoul ve in 
cluded a brief explanation of 
12.89d came from. The in 
necessary to break even must 
expenses to that point. Expen 

which is a, through as), plus a 





be =~ ag+d 
to breakeven 
Thin-section midget T series precision ball bearings were designed 2% profit, then 
primarily for instrument application, and to bring new, high standards 1 = 0.072 by 
of performance to their size range. Actual sales experience has shown 
a much wider range of application for these versatile bearings than d 
heretofore anticipated. 0.072 


These bearings feature: (1) light, one-piece retainer with true max- 
imum ball complement — good for low torque values. (2) savings from 
46% to 90% on space requirements, compared with conventional inch- 
series ball bearings of equivalent bore size. (3) no loading slot or 
other design compromise which might limit thrust capacity. (4) high 
ratio of load capacity to bearing volume. (5) rings and balls of stain- 
less steel; retainer of pressure-molded fibre-reinforced phenolic. Made 
in precision and ultra-precision grades. 


For complete information, get our catalog 59 ... Write today. 
ACTUAL SIZE 


Feet, Not Inches 


' 

' 

| 

! 

; To the Editor 

, In your “For Your Information” item 
! | Apr 25 P 32 covermg the Addvco Steel 
: Strip, we would like to point out an erro 
\ —$8.40 for a package of a dozen galvan 
i ized strips in 6-foot, not 6-inch lengths 
! 3TCR 10-14 3TCR 12-16 Ban 

} Se” bere 3%" bere Asutey R Ter 


3TCR 6-10 3TCR 8-12 


Director 
Ye" bore Vo" bore ™ 


Addy Products (Sales) Ltd 
Southhampton, Eng 


Wear Life of Rolling Surfaces 
To the Editor 


It is rather interesting to watch peop! 
fall into fallacious mathematics. In th 
| article on “Wear Life of Rolling Sut 
‘B ‘D tr b iL Ss | faces,” May 9, p 46, equation 4 show 
bore od width ieee ey —_ , me a the load stress as 
= oz | * doe | ~ S080 +001 | +001 F =fK Cos a 
.3750 6250 | .15625 | .010 | .542 | 457 | 77 110 V/p l/r 
5000 .7500 | .15625 | .010 | 672 | .587 1/16 89 144 ee a a 
6250 8750 | .15625 | 010 | .797 | .712 1/16 94 165 certain limiting imeihtinns Then n equa 
.7500 1.0000 | .15625 | .010 | .922 | 8375 | 30 | 1/16 101 206 - » 


tion 5, we have the statement i a 

Dimensions are in inches. *Tolerances shown are for Precision Grade. Write for Ultra Precision " 
Grade tolerances. tr is maximum fillet radius on shaft or housing that bearing wil! clear. {Radial flat-face follower is used instead of a 
q 


























f non-Brineli load capacit 
ee Se aa eae peal eieetcsd roller follower, r goes to infinity in | 


4) and the load becomes 


9 split balibearing F=slK Cos 


A DIVISION OF MPB, INC. As I recall, one thing that my mathe 
| matics teachers impressed upon me was 


that you cannot divide by zero and come 





907 HIGHWAY FOUR, LEBANON, NEW HAMPSHIRE 
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up with a result that has any meaning 
Since Mr Myatt is a professor of mechan- 
ical engineering, we can only assume that 
there is a typographical error, since if the 
quantity r approaches infinity, then the 
value of F would become infinity also. 
—W H Say er 
Specialty Sales Co 
e You re quite right—it is a typographical 
error, A plus sign was omitted from the 
denominator between factors 1/p and 


1/r.—Ed 


To the Editor 
The article on “Wear Life of Rolling 
Surfaces” is very interesting and should 
be of considerable value in engineering 
design. Although the cast irons are well- 
established engineering materials, there is 
considerable concerning their properties 
still to be determined. Wear properties 
can be very often closely related to the 
microstructure in cast irons. Unfortu 
nately, data on this was riot included, and 
the Brinell hardnesses in some cases could 
cover some variety in structure 
However, this is probably more the r 
sult of an oversight on the part of the 
industry rather than the particular authors 
in this case Cuartes F Watton 
l'echnical Director 


iders’ Society In 


Corrections: 

In our May 23 e, p 42 we ncor 
rectly listed the address of General Elec 
tric Co’s Instrument Div. It is located in 
West Lynn, Mass. Also, a design award 
citation was given to GE f a device to 
measure industrial liquids and gases, not 
just natural gases as stated.—Ed. 


COMING EVENTS 
JUNE 


19-21 

Annual Me 

Spring V 

20-24... reTiCal ciety for Engi 
neering Education, 68th Annual Conven 
tion, Purdue Univ, Lafayette, Ind 


27-29 .... Institut Radi 
neers, 4th National Convent 
tary Electronics, S|! 


Washington, DC 


27-July 1 .... American Society for 
Testing Materials, 63rd Annual Meeting, 
Chalfonte-Haddon Hall Hotel, Atlantic 
City, NJ 


AUGUST 


1-3... . Institut f Rad 
1th Global Communications Symposium 
Statler-Hilton Hotel, Washington, DC 


28-Sept 1 . . . . American Society of Me- 
*hanical Engineers, International Heat 
I'ransfer Conference, University of Colo 
rado, Boulder, Colo 
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Special 
WIRE CLOTH 
PARTS 


Newark is the place to come for your fabricated wire 
cloth parts. We can save you time and money. We 
weave our own wire cloth so you have no quality 
control problem. We take care of production sched- 
uling . . . you have no idle manpower or idle machine 
time worries. We will give you a better part at a lower 
cost. 


For more data on this phase of NEWARK Service, 
send for our Wire Cloth Parts Catalog. If you have an 
individual problem and would like to have us recom- 
mend the best way to insert the wire cloth piece send 
us tentative drawings and specifications. If you are 
ready to order, we'll be glad to quote. 


/ 
NEWARK 
fe*accuRACY 


ire Gloth 


COMPANY 


351 Verona Avenue, Newark 4, New Jersey 
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GRAPHITAR vanes 


(CARBON-GRAPHITE) 


and long life of CONDE 


This rotary positive displacement pump, engineered and produced by the Dri-Air Pump 
Department of the Conde Milking Machine Company, Inc., of Sherrill, N. Y., is designed to 
deliver clean, dry air or gas for high vacuum and low pressure applications in hospitals, dental 
offices, chemical or pharmaceutical plants, industrial processing systems and in metalworking 
plants. Thanks to vanes of GRAPHITAR, the CONDE Dri-Air Pump gives years of trouble- 
free, continuous operation at maximum recommended vacuum and speed . . . without lubrication: 
The GRAPHITAR pump vanes are self-lubricating and are seated by centrifugal force. Operat- 
ing with a minimum of friction, they become increasingly efficient as the pump is used. 
In addition to their self-lubricating properties, the GRAPHITAR vanes are hard, light, non- 
sticking, non-warping and chemically inert. Perhaps these qualities can be utilized to 


advantage in your products. 


; 


> 


Bulletin #20 includes detailed design data along 
with properties, characteristics and typical ap 
plications of GRAPHITAR. Write for your free 
copy. If you have questions concerning the 
incorporation of GRAPHITAR parts in your 
products, our engineers will be glad to assist you 


THE ORITED STATES 


GRAPHITAR™ carson-ceapuite * GRAMIX® powoer meraturcy * MEXICAN crapwire propucts * USG° spusues 
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help insure efficiency 


DRI-AIR pumps 


GRAPHITAR is used extensive yi A ica » nha eq re an enginecring 
material that is non-metallic, resists chemical attack, is self-lubricating 
tin weight and can withstand temperature 
*arts made of GRAPHITAR include rotary seal rings, packing 
yint seals, bearings, fluid coupling seals, meta 
bearings, piston rings and pump liners 


R-285-2 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
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ANGLgear’ 
simplifies 
another 
90° drive 


rhe following problems have been encountered by the Armed Forces. If 
you think you have a solution 





or if you wish additional information—get in 
touch with National Inventors Council, US Department of Commerce, 
Washington 25, DC. 


improved techniques for airdropping equipment and cargo safely and 
reliably. A great variety of materials, from a crate of supplies to a complete 
vehicle, are commonly dropped from aircraft and range in weight from 2000 
to 20,000 pounds. The problem of reliable airdrops can be attacked from two 
sides: a decelerating device that slows the rate of descent to a velocity of 50 to 
25 ft per sec or less; and an energy dissipator that absorbs large impact shocks 
\ variety of parachutes have been tried for reducing rate of descent to a 
low constant velocity. Parachutes have several disadvantages: They are heavy, 
bulky, are easily fouled, and do not provide the necessary aerodynamic drag 
except when very large. Further, if there are high winds at the surface, ther 
is the hazard of dragging the equipment across the ground unless wind is 


Drouing besed en ghetenegh of Walzere fim spilled from the parachute immediately upon impact. A system of collapsible 
cleaner shows location of Model R-330-2 ANGL rotating blades has been tried for small loads. Made of fiberglass, the blades 
gear units used respectively to transmit power ° 


to cleaning rollers and drive rollers slow the descent by whirling in a manner similar to the autorotation of a heli 























lo desgning ak utametic copter. Perhaps a similar scheme (with telescoping blades for more compact 
cleaner for motion picture film storage would be practical for large loads , 

and magnetic tape, Unicorn Several methods have also been tried for absorbing impact energy Present 
Division of Computer Measure- airdrop platforms dissipate energy through a multitude of felt pads. Airfilled, 
ments Co., Sylmar. Calif.. se- rubber cushions have also been tried and are now under test. The needed 
lected ANGLgear instead of device should be not only an efficient energy absorber but adjustable to with 
open bevel gear drives for the stand decelerating forces over a 
following reasons: 


range of 25 to 150 lb per sq in. Foamed 
plastics have been developed for this purpose and show some promise. They 
(1) Lower initial cost and faster assem crush at essentially constant stress to 75% or more of their original thickness 
bly — because ANGLgear eliminates and have little, if any, resilience. They can be foamed at ambient temperature 
design and installation of individual ranging from 40 to 125 F and are producible in a range of densities. Still 
shafts, gears and bearings ; (2) greater needed, however, is simpler foaming equipment, lower cost materials, higher 


compactness—helps cut bulk ; (3) more energy dissipation per unit weight, and the capability of being foamed at 
rigid drive—no possibility of gears get lower ambient temperatures. 


ting out of mesh; (4) quieter operation. 


If you have a design require- 

ment for 90° power takeoff, 
P . . improved seal for the neck of a full 
investigate ANGlLgear, the 
. . pressure flight suit. At present, the ring seal 

standardized right-angle drive. 
Completely enclosed, perma- at the neck is made in two parts: one half 
nently lubricated. and featur- mounted on the suit and the other half 
ing universal mounting, it is mounted on the helmet. The ring seal pre 
easily incorporated in your vents pressure escaping from the suit and 
power transmission systems acts as a bearing to permit side-to-side head 
and requires virtually no movement. For an effective seal, both halve 


maintenance. are solid rings and must therefore be larg 


enough to slip over the pilot’s head. But 
You can specify ANGL gear from stock in ° ie 
Vy, 1, 2% and 5 hp ratings, with choice of these rings interfere with up and down head 


1:1 or 2:1 gearing and movement and block downward vision. 


2 or 3-way shafting If the rings were hinged as in a bracelet 


. t 
See Sweet's Produc the inside diameter could be decreased to 


Design File or contact . “ . ' 
ane ieanh diidnia approximately the size of the pilot’s neck. This would give improved vision 
ind the helmet could be put on without slipping it over the head. Further, 


the radius of the ring would be decreased and, with decreased bearing torqu« 
the pilot would be able to rotate his head more freely. 


vent for Aircraft and Induatry 


AIRBORNE ACCESSORIES Have you a problem, based on known scientific principles, which | seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 

CORPORATION paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
HILLSIDE 5, NEW JERSEY have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted. 
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Handsome and Hardworking 
lexiglas ...lmplex 


Flashing lights at sea shine brightly through large lenses and 
covers molded of PLEXIGLAS® acrylic plastic. The PLEXIGLAS 
parts are used in navigation lights for the U. S. Coast Guard, at 
a fraction of the cost and weight of cut glass lenses. Precision 
molding of the lens pattern gives the PLEXIGLAS lens maximum 
efficiency in light control, and the material resists weather, 
breakage and salt water. 


Winking lights at home are revolutionizing indoor photography 
by making indoor pictures without flashbulbs possible, with the 
new wink-light attachment shown above. Tough IMPLEX®, the 
high impact acrylic, gives handsome appearance and rugged dur- 
ability to the housing. PLEXIGLAS is used for the lens. 


We will be glad to help you use these Rohm & Haas acrylic mold- 
ing materials—to your advantage. 


PRODUCT ENGINEERING + JUNE 13, 1960 


COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


In Canada: Rohm & Haas Company 
Hill, Ontario 
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Paige 


when you use Formbrite, Anaconda’s superfine- 


STANDARD DRAWING ~mevngal 


(grain size, .045 mm)—after 40 


eior 


ENLARGED SURFACE TRACE showing the ) sougnnees t hat 


range pee effect the 


THE SURFACE of the stretched standard drawing brass 
sample looks like this wher 


maanified 20x. For 


working of standard oblique illumination d 
to the v 
to five polist 


ness of this order 


FORMBRITE DRAWING BRASS 


(grain size, .005 mm) — after 40% elongat 


ENLARGED ouaracs TRACE 


: 
sir hne 


showing Formbrite’s WHEN SEEN IN OBLIQUE ILLUMINATION and magnified 
sss even after deformation, the 


20x under the microscope, the stretched Formbrite surface 
ooks like this. Even in such deep 


test of polishing 


drawing bras Little hills like these drawn products as pen 
ishing sav ps, only a ah it ar ‘ olor buff are needed f 
to 502 swelers’ finis often ¢ rt 


ne does the 


Desprre its superiority Formbrite costs no poses—for a stronger, springier, more abra 
re than standard drawing brass. It is pro sion-resistant product 


Yellow Get the full details from 
Commercial 
Bronze, Red Brass, and Low Brass. The Form- 


brite process 1S il 


luced in the following brass alloys your Americat 
Brass, Cartridge Brass, Gilding 


Brass representative, or write: The Americar 


Brass Company, Waterbury 20, Connecticu 
SO applied to brass wire In 


Canada: Anaconda American Brass Ltd.., 
illovs tol cold heading ind 


upsetting pur- New Toronto, Ontario. 
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JU GAN GUT POLISHING COSTS 


rrain drawing brass 


The outstanding feature of Formbrite is easy polishing 
But there’s something else you should know about it 
Formbrite is stronger, harder, springier, and more 
scratch resistant than the usual drawing brasses. Yet it 
retains remarkable ductility for forming, stamping, 
drawing and embossing In many instances these quali 


, ] 
ties have made it possible to use thinner gage metal 


The maker of this tray, after 
switching from ordinary 
drawing brass to Formbrite 
found he had achieved a cost 
reduction of 25 in the cut 
ting operation and 42% in 
the finish buff—and a healthy 
boost in produc tion rates 


THIS IS THE MICROSTRUCTURE of the standard drawing hese fishing lures, first made 
yrass sample at 75x magnification. The coarse grain struc from ordinary yellow brass, 
are polished for plating by 
tumbling. After the switch to 
Formbrite, manufacturer 
found he had cut his polish- 
ing costs 40 Small-size 


S tyf al of the drawing brass that has for decades 
roducts. it is the 


righ 


formed, drawn, or upset 
parts made of Formbrite ot- 
ten can be satisfactorily fin- 
ished by the relatively low 
cost conventional tumbling 
methods 


\ jewelers finish on these 
| 


cle lrawn products 


me ae the use of five pol 
ishing heads, with regular 
drawing brass. With 
Formbrite, manufacturer 
uses two polishing heads 
fora light cut, another for 
a simple color buff, and 
runs machines faster. Sav 


ings run up to 40 


THIS 1S THE MICROSTRUCTURE of the Formbrite sample, 
magnified 75x. The uniform, superfine-grain structure, pro- 
juced by special pr re f rolling and annealing, ex- 
surface trace of the stretched 

aft 


FORMBRITE 


Superfine-grain drawing brass 


A PRODUCT OF 
” bi When this gage case was made of Formbrite, the instrument 
\N AL 7 ® Aj p 4 a nanufacturer found he could drop the cutting operation 
y ‘ > ‘ ff} | und get a “mirror finish” with a light buff. The saving 
finishing cost was 40° 


MADE BY THE AMERICAN GRASS COMPANY 
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SOM 
DESIGN-PRO 
QUIET OPERATION 


LIVING MATERIAL 
Liss 


Timing gears made of CDF Celoron wil! not pick up and amplify sound due to Celoron's naturally low tone 
frequency. Tests show that Celoron gears reduce noise by up to 50 


compared to all-metal gear sets! 

Made of quality controlled, fabric reinforced non-metallic structural and electrical materials 
phenolic resin, Celoron® high-impact gears are ... including thermosetting laminates, 
constantly replacing metal in critical areas ranging fibre, silicone rubber, and mica. 

from earth-moving machinery to compact cars to This 
movie projectors. 


vulcanized 


wide choice gives you every assurance of 
meeting your exact quality and cost needs in 
Celoron molded materials are only one family of plastic material. Refer to Sweets PD file or write 


products from industry’s largest selection of to us for the latest Celoron catalog 


@ CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE ~Afma4f- COMPANY * NEWARK 40, DEL. 


In Canada, 46 Hollinger Road, Toronto 16, Ont 


ALUMINUM GEAR 


SOUND LEVEL MILLIAMPERES 


CONSTANT SPEED, CONSTANT TORQUE B6uUMOMSeE Ne” HOURS 


Low sound level of Celoron is shown by Long wearing characteristics of Celoron ity control! of Celoron gears is as 
this graph which compares metal to the gears are here contrasted to the shorter life ¥ ee testing machines such as 
lifferent types of Celoron gears spans of metal-made gears this in CDF taboratories 
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stainless steel 


\’ } ] } ; ; 
NO othe metal has the stre I peauly and 


tf 
( SALLIE (] 


There is nothing like 
stainless steel for HOMES 
AND HOME PRODUCTS 


McLouth Steel Corporation, 
Detroit 17, Michigan 


4 
e STEELMARK __ Site Ns a ee Te 


S nless and Carbon Stes 


VICLOUTH STAINLESS STEEL 
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“CUSTOMEERED* COMPONENTS BASIC TO INDUSTRY” 
ae / 


OHIO RUBBER IS THE 
GOOD SOURCE 
FOR THE OEM! 


ACROSS THE BOARD in industry, 
ORCO IDEA PARTS offer the de- 
sign engineer product quality evolved 
from Ohio Rubber’s years of expe- 
rience in supplying ““Customeered”’* 
components for outstanding original 


equipment manufacturers nationwide. 


ORCO CUSTOMEERING* is geared to 
cut production costs—to deliver a 
better part. And it goes to work for 
you as soon as performance require- 
ments are checked, a materials recipe 
is formulated, expense-shaving design 
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ORCO IDEA PARTS 
shape up OEM designs-—profitably! 


modifications, if necessary, suggested 
The full scope of ORCO integrated 
design, research and practical in- 


genuity in custom-manufacture of 


rubber, synthetic rubber, silicone 
rubber, polyurethane, and flexible 
vinyl components is focused on your 
component. 

ORCO CAPACITY offers the facilities 
of four modern plants. These include 
design, building, and maintenance of 
precision molds and dies . . . perma- 


nent bonding-to-metal 
sion and transfer molding 


. Compres- 


extruding of all shapes, sizes, and 
types . complete laboratory facili- 
ties . Statistical quality control 
coordinated production control. 
SUGGESTION — send 

for ORCO Bulletin 715 

for the complete 
money-saving story of 
“Customeering”’. It’s 


' yours for the asking! 


*Trademark of The Ohio Rubber Company 


eer, THE On10 RusserR COMPANY 


General otticee WWI LLOUGNBY, 
A DIVISION OF THE EAGLE 


QAO « wiitenaii 2-050 . 
PICHER COMPANY bicnen 
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IT’S ALWAYS 


And SAFEWAY Heating Blankets and Elements 
solve cold problems wherever they exist! 


546 


Maybe it’s a basic defrosting problem in industrial 
refrigeration . . . or perhaps it involves the vital pro- 
tection of aircraft from the icy upper atmospheres. 


For these and scores of in-between applications, 
Safeway provides a controlled heat product, regard- 
less of environmental temperatures. And people who 
know refrigeration depend on Safeway Heat Ele- 
ments as a completely reliable and economical solu- 
tion to defrosting problems in the commercial and 
industrial field. 


Safeway’s modern manufacturing facilities are de- 
voted exclusively to the design, engineering and 


For your copy of a 
fact-filled folder, 


please write: . 


If it has to be heated (and the “it” « 

be just about anything), you can rely on 
SAFEWAY engineers to study your prob- 
lems carefully, and — without any obligation 
—submit an appropriate recommendation 
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application of controlled heat for industry. Among 
the wide variety of Safeway heating blankets, woven 
and molded heating elements are: 


. heating elements for launching equipment and 
for airborne gyros, cameras, computers, servos 
and batteries — for missiles or aircraft 


de-icing units for airfoil surfaces 


heating elements for all types 
of ground support equipment 


defrosting units for industrial 
and commercial refrigeration 


heating blankets for honeycomb 
and metal-to-metal bonding 


HEAT 


INC. 


Middietieid Street « Middietown, Connecticut 
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Large, small or in between...we make it 


Size is no problem in our fabrication 
of Synthane laminated plastics. 
Whether the part fits into your palm 
or onto the head of a pin, or towers 
over you, we believe we can handle it. 

Why? Because we make the ma- 
terial and can control it to suit the 


job. Our variety of machines and 


tools, many of them special, permit 
the widest freedom in the choice of a 
skilled 
people have rolled up over 30 years of 


machining approach. Our 


experience in doing the difficult and 
impossible. So, large, small or me- 
dium in size, let us take the production 
worries of your part off your mind. 


You furnish the print—we'll furnish the part 
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Call your Synthane representative 
for a quotation or write Synthane 
Corp., 4 River Road, Oaks, Pa. 


CORPORATION OAKS, PENNA. 


Sheets « Rods « Tubes « Fabricated Parts 
Moided-iaminated « Moided-macerated 
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The Better Haircut 


What makes the professional? Webster says of the 
word: “of or pertaining to a profession, especially a 
learned or skilled profession conforming to the 
technical or ethical standards of a profession or occu 
pation regarded as such . engaging for livelihood 
or gain in an activity pursued, usually or often, for 


noncommercial satisfactions by amateurs. 


What, then, is a professional engineer? We must 


assume from the first (hence commonest) defini 
tion that there are professions which are not “skilled 
or learned” as engineering is, so must go on for fur 
ther differentiation. Next comes the “conforming t 
standards,” which again draws no fine line, be 
cause neither set of standards has been rigidly set 
Lastly, there’s the crass statement regarding pa) 
which we've learned (particularly in sports) is n 
way to distinguish between amateur and professional 
These reflections are generated by a recent news 
yaper report that dance teachers and frog deale: 
The If ob 


jective? Just like ours: to obtain prestige and to 


i 
among others, are seeking state licenses 


reduce competition by becoming known as profes 
sionals. 

Wrong guess, ladies and gentlemen! Becoming 
known and licensed as a “professional” doesn’t neces 
sarily bring prestige, exclusiveness, recognition, ot 
even higher income. Remember that barbers and 
barkeeps, as well as doctors, dentists and beauty 
shop operators, are all state-licensed, too. Some of 
these professions have prestige, some do not. There 
are even professions on the wrong side of the law 
which have some distinction and recognition, if not 
prestige (although amateurs have been giving them 
some rough competition of late years). 

There’s an okd story about Sir Henry Irving, fa 
mous actor of the last century, that may illustrate 
my point. As he was leaving his London theatre 
one night, he was accosted by a young lady, who 


burst out with: “Sir Henry, please pardon my 
temerity in addressing you, but I just cannot resist 
this opportunity to express my de p respect and 
admiration for your artistry!” 

“Thank you, my dear,” said Sir Henry, “and are 
you of the theatre?” 

‘Oh, no, sir! I’m a 
young lady 

Said Sir Hen Will 1 jOlIN me in my carriage, 
Miss? | 
f 


Or 


idmitted the 


'd like to talk further with a representative 
the other ancient and honorable profession that 
has been ruined by amateurs!” 

Sober-minded engineers have made the point that 
engineering will have difficulty attaining professional 
status because most engineers are employees rather 
than entrepreneurs. This is a good point, but again 
not an entirely valid one. Some of the greatest ad 
vances in medicine were made by doctors employed 


he greatest advances in law 


in laboratories, some of t 
were made by rporation lawyers or by judges who 
some of the 


great advances in both fields have been made by 


ire employees of government And 


mateurs 
So professional status isn’t determined, Ippat 
livelihood 


lack of it, by licensing or learning, but rather by 


} j 
nth bh technica +t} 


kill, enthusiasm, and, most of all, by humanity 
Doctors and lawyers deal with people in troubl 
ind help them. Isn’t this the source of their public 
recognition, of their status? Doesn’t the engineer 
who solves a personal problem for people attain pres- 
Didn’t the 
orbiting of Sputnik I, and the recognition by people 


I 
that their very lives are now a function of engineer 


tige and professional recognition too? 


ing, give our profession more status than all of our 
own efforts? 
Perhaps the secret of professional succes 


engineering for humanity, not in a be 





Lead Antennas 


During the Korean War, Helicopter 
design engineers were stumped with 
the problem of finding space for the 
radio antennas for rescue helicopters. 
A stretched wire antenna seemed to 
run afoul of something no matter where 
it was placed on the craft. Lead tape 
saved the day. Adhesive backed, the 


tape could be stuck to any convenient 
member of the frame. A single bolt 
through the tape and its supporting 
surface (insulated from metal parts, of 
course) clamps the electrical lug in 
place to complete the antenna. 





The call for help that brought this Bell 
Rescue Helicopter was received with a 
lead tape antenna. 
Rotor Biade Test 

Nor is lead tape confined to flying heli- 
copters. Kaman Aircraft Corporation 
uses it to find the balance point of rotor 
blades at various pitch angles. Thin 
enough to not change critical contours, 
the tape nonetheless packs enough heft 
to be handy in prototype testing. 
Though the tape is replaced by metal 
structural members before any aircraft 
is used or sold, it does save time in mak- 
ing on-the-spot quick weight changes 
in the exact increments required. 

Lead Masking Tape 
Turco Products’ new chemical milling 
process employs powerful etchants to 
remove the metal of the complex shapes 
it produces. Since it is so fast and easy 
to apply, lead tape is a time-saver here, 
too. It can be trimmed to a clean, sharp 
outline. It resists the etching solution. 
It has become a handy adjunct to other 
masking materials—especially to cover 
pinholes and mask edges. 


42 CIRCLE 42 ON READER SERVICE CARD 


(Advertisement) 


Ollless Bearing tor —328° to 
+ 636°F. Operation 


Bearings that require no oil, grease, 
graphite, or any other applied lubrica- 
tion have long been a designer’s dream. 
This dream is now a reality. Developed 
by the British and called DU, this 
bearing material is available in the U.S. 
from the United States Gasket 
Company. 


DU combines the well-known excellent 
bearing properties of lead with the 
ultra-low coefficient of friction of TFE 
fluorocarbon plastics. A mixture of lead 
and TFE powders is impregnated in a 
fine porous bronze skeleton which pro- 
vides high heat conductivity to keep the 
bearings cool. Tin-plated steel backs 
up this combination. The result is a 
bearing material with low friction 
characteristics, very low wear, and 
high compressive strength. DU bear- 
ings endure intermittent operation at 
40,000 psi compressive load where ball 
races had previously failed. 


And that’s not all. DU bearings have 
operated successfully at —328°F. and as 
high as 536°F. Quick, wide changes in 
temperature cause no difficulty either. 
Although new, DU has already found 
many applications. Among them: jet 
engine air intake vane bearings, landing 
gear and control rod bearings, and 
in automobiles in the electric starter 
motor, generator, steering column and 
other locations. 


Lubrication tor 1260°F. Service 
Developed at NASA 


An effective lubricating system for use 
up to 1250°F. ambient temperatures 
has been developed at the NASA Lewis 
Research Center in Cleveland, Ohio. A 
bonded lead oxide film was the answer 
here. Applied in the manner of porce- 
lain enamels to stainless steel (type 
440C), the film consists of PbO, 5% 
SiOz and about 5% FeeO, absorbed 
from the steel during firing. 


Vol. 2 No. 2 


Compared to commercial resin-bonded 
type molybdenum disulphide coatings, 
the PbO films provided superior wear 
and lower friction coefficients above 
600°F. These coatings operate best at 
high temperatures and high sliding 
velocities. In fact, at sliding velocities 
from 2,400 to 10,000 ft. per min. the 
friction coefficients were practically 
constant (F = 0.05 to 0.08) at all tem- 
peratures studied. 


As ambient temperatures are increased, 
endurance life is found to increase 
and approaches a maximum at about 
1,000°F, then decreases slightly at 

250°F. Although other lubricants are 
superior below 600°F, these coatings 
have satisfactory properties in the low 
temperature range so that they can be 
used in operations which start at low 
temperatures before coming to the 
higher operating temperatures. 


Permanent Color tor 
Lightweight Buliding Biock 


An important new addition has been 
put in the architect’s bag of tricks by 
Zonolite Company — glazed lightweight 
aggregate building blocks. These light 
weight blocks are permanently water 
proof, permanently colorful. And since 
both interior and exterior walls are 
glazed, they are both finished and ready 
for use without further protection or 
decorating. 

The blocks are a reality because of 
Lead’s ability to promote glaze-body 
reactions, control viscosity, and pro 
duce a low surface tension, all at low 
firing temperatures. A wide variety of 
textures can be produced from rough 
and matte to smooth and glossy, even 
over the rough texture of the block 
itself. 

If you would like information or 
technical assistance on new lead de 
velopments and applications, write to: 
Office of Technical Information, Lead 
Industries Association, 292 Madison 


Avenue, New York 17, N.Y. 2629 
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The old classifications of “corrosive” 
and “noncorrosive” fluxes are no 
longer adequate for today’s 

soldering needs. Here’s an up-to-date 
flux selection guide, based on 
chemical origin, and 

covering all the significant types. 


HOWARD H MANKO, ossociate metallurgical engineer 
Product Development Loboratory IBM, Poughkeepsie, NY 





About the Author 


Howard Manko, a chemical engineer as 
well as a metollurgist, has found both dis- 
ciplines valuable in his work as a specialist 
in metal-joining problems at IBM since 
1956. He earned his 8S-Ch E at the Israel 
Institute of Technology, Haifa, in 1952. 
One more year’s schooling earned him the 
much-coveted Professional Engineering Dip- 
loma, roughly the Israeli equivalent of 
New York State's PE license. “In Israel,” 
says Manko, “the qualifying exam comes 
immediately after the added year's study, 
with five years’ experience then required 
before you can consult—just the reverse of 
New York State’s procedure.” Of the two, 
Manko much prefers the Israeli system: 
You don't forget so much before the 
exam!” His metallurgical training came at 
New York University, where he received his 
MS degree in 1960 
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SPECIAL REPORT 


how to choose 
the right 


SOLDER 
FLUX 


Adccurate and reliable soldering has become an industrial 
imperative: New structural metals need joining, electrical 
assemblies are more compact, automatic manufacturing 
is on the upswing, repair work is becoming impractical, 
electronic components are more heat-sensitive. 

These trends are forcing soldering to change from a 
hit-or-miss art to an engineering science. Proper selec- 
tion and usage of soldering fluxes are vital to this change. 
Here, the handbooks are incomplete or archaic. To fill the 
gap has required examining, testing and classifying all the 
industrially important flux types. Result is the comparison 
given here, which will simplify flux selection. With it is 
much-needed information on the properties of a good flux, 
how fluxes work, how to select and specify them—along 
with practical examples. 

Does a soldered joint have to be designed? -Yes, very 
definitely. You can’t just pick two compatible metals 
and specify that they be soklered. Such an approach 
ignores the flux—the single most important factor in the 
complex process of soldering. Choose a flux wisely, and 
you'll have a reliable joint. Pick the wrong one, and 
rejects will mount. What follows is a guide to the right 
decision 

Flux means, simply, flow; but in soldering, the flux has 
functions other than just aiding flow (see “Mechanism’ 
on the next page). While it does not enter into the 
bond-formation itself—in this respect it is analogous 


g 
to a catalyst in a chemical reaction—the flux does 


Copyright 1960 by McGraw-Hill Publishing Co Inc. All rights reserved. 
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“4 SOLDER FLUX continue: 





Which soldering is good and which bad on 
these printed circuit junction points? (1) 
Unsatisfactory, dewetted joints; surface 
energies are working against spreading, 
pulling the solder into balls. (2) Unsatisfac- 
tory, cold joints; solder was jiggled during 
solidification, causing frosty surface and in- 
ternal fractures. (3) A good joint; solder is 
smooth, bright and well feathered, (4) Un- 
satisfactory, corroded joint; still-active flux 
residues were not washed off after soldering. 


MECHANISM OF 


When two metal parts are joined by solder, the metallic 
continuity established is the result of two interfaces, where 
the solder is bonded to each of the metal parts. The sketch 
below shows the metal continuity from base-metal A to 
base-metal B. Note that the solder serves both as the 
bond-maker and as a link in the metallic continuity. 


interface. 


A closer examination of the bond-making function leads 
to a better understanding of the soldering process. For 
this, a single interface will suffice—the basic solder/flux/ 
base-metal system. 

Under normal conditions, both base metal and fusible 
solder alloy have a surface layer of tarnish, which inter- 
feres with formation of the interface. Removing these 
films is a primary function of a flux. Once these oxides 
and other products of environmental attack have been 
removed, the exposed metallic surfaces are ready for bond- 
ing. 
At soldering temperatures, the base metal is solid, the 
fusible solder alloy is liquid, and the flux is usually a 
liquid. Consider a drop of liquid solder (sketch below) 


Vopor,V 
(or flux, F) fr 


resting on a flat, horizontal, metal surface in an inert 
atmosphere where no oxidation occurs. This is a three- 
component system of solid S, liquid L and vapor V. In 
actual soldering, the liquid-flux phase replaces the vapor 
phase. 


affect the rate and degree of completion of the soldering 
process. With clean metal surfaces in the right atmos- 
phere, a good solder bond is obtained without flux. We 
use fluxes because such ideal conditions in industrial appli 
cations are hard to achieve, time-consuming, and costly. 


PROPERTIES OF A GOOD FLUX 

To do its job well, a flux must perform two major 
functions: 

e Provide tarnish-free surfaces, and keep them clean 
throughout the soldering operation. 

e Influence the surface-tension equilibrium in the direc- 
tion of solder spreading 

How well the flux performs is measured by the following: 

Chemical activity. All products of environmental attack 

called tarnish-films here—must be removed before a 
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SOLDER-JOINT FORMATION 


At the point of total thermodynamic equilibrium the 
system will have a border line at which all three phases— 
solid, liquid, and flux—-meet. In a plane perpendicular to 
this border, the three phases meet at a certain angle to 
each other. This angle, @, formed between the liquid and 
the solid, is called the dihedral angle. 

The three forces are: the surface tension between the 
liquid and flux phase, Pr», acting at a tangent to the 
liquid curvature; the interfacial tension, P,,., and the sur- 
face tension between solid and flux, P,,—both acting 
along the solid surface, but in opposite directions, The 
balance of forces along the surface is called the wetting 
equation: 

Psr = Pis + Pir cos @ 

Whether or not the drop of solder wets the fluxed 
surface depends on the particular combination of mate- 
rials and their interacting surface tensions. These quanti- 
ties are not usually known, but the dihedral angle @ is a 
good visual clue to wetting, because it is a constant for 
any set of three phases. If the droplet retains its shape 
and refuses to spread, @ = 180°; the coalescing forces 
exceed the thinning forces and the condition is totally 
nonwetting (see sketches below). When total wetting 
occurs, the spreading forces are dominant and the drop 
loses shape, becoming a film; then @ = 0°. 

Partial wetting, in between these extremes, is the 
usual case, inasmuch as the system freezes before com- 
plete equilibrium is reached. But how much partial 
wetting is enough? Experience has shown that inspection 
of the dihedral angle can give the answer. Three ranges 
for @ between 0° and 180° are important: 


Total nonwetting (8 = 180°) >. aR 








oe 
Toto! wetting (@=0°) oe 


Portia: wetting (/8OVQ0) a 





made. Unlike grease, they can 


The 


react 


good solder jomt can be 
flux 
with 


conventional solvents. 
that 


compounds soluble 


not be removed with 


chemicals will 


to make 
or its vehicle 


therefore contain 


films 


in the flux and 


must 
such usually oxides 
This action removes the 
tarnish film, leaving the surface exposed for bonding 
Thermal stability. Inasmuch as the flux must form a 
protective coating on the cleaned metal surfaces at solder- 
ing temperature, it must be able to withstand these tem- 
peratures without evaporating or breaking down. 


stability either the flux or its solvent 
vehicle. The vehicle can have a boiling point below solder 


must ipply to 
For 
example, a water vehicle tends to sputter, alcohols are 
flammable, etc. 


ing temperature provided the flux itself is heat-stable 


One good all-around vehicle, 


g recently 
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The 


@ > 90° indicates 
solder has frozen in the process of dewetting the 
to be soldered; that is, ivi 
direction of nonwetting. 

function of the 

9° > @> Mi 


and marginal ing. 
this type of wetting is 

@ < M indicates good wetting. M 
high quality is required, M can be 
For quality-control purposes, M sh 
as a criterion for good wetting and 
How the Bond Is Made 


Consider a base-metal surface that 
by a liquid solder, and solder solidi 
chemical equilibrium is established. 
surface energies that promoted the wetting of the metal 
by the solder are now making the bond. These i 
came from the unsaturated bonds of the 
which have less than the average number of nearest neigh- 
bors surrounding them. After the solder wets the solid 
metal, the two metals exchange surface energies, resulting 
in a mutual saturation of the adjacent surface bonds. The 
interface thus formed has great strength and stability 
because these energies are on an atomic level. 

While the liquid solder is wetting the solid surface 
at an elevated temperature, there is some mutual diffu- 
sion at the interface due to the thermal activation. This 
layer of solid solution will contain the intermetallic com- 
pounds if the metal is one that will react with the solder. 
These intermetallic compounds are not vital to the bond 
formation, but lack the ductility of the parent metals. 
This can cause embrittlement of the interface. 

In summary, the soldering mechanism includes these 
three steps: 

1. Flux removes the tarnish film, from the metal sur- 
faces. 

2. Flux changes the surface-energy balance, thus pro- 
moting solder wetting. 

3. Solder wets the metal surfaces, forming an atomic 
interface that bonds the two together. 
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recommended by is polyethylene 


viling point 


glycol. Its advantages include g | 


stabilitv, and water solubility 
Wetting power. 


must be displaced by the flux before soldering 
place 


The vapor phase on the 
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Mechanis 


This wetting action involves a b 
energies at the metal solder-flux interface (sec 
of Solder-joint 


by the flux alone 


Formation”), and so is not 
A flux with maximum wetting power 
can be selected, however, for a given metal-solder com 
fluxing is not 
Most fluxes are 


by insoluble layers of dirt on the workpiece 
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| SOLDER FLUX continued 


Table I—Comparison of Flux Materials 


(in order of decreasing chemical activity) 





ical Fe 


Vehicle 


Use for These T 
Joints 





Hydrochloric, 
hydrofluoric, 
orthophosphoric 


Water, petro- 
latum paste 





lel icy i, iis 


Zine chloride, 
ammonium chloride, 
tin chloride 


Water, petrolatum 
paste, polyethylene 
glycol 


Structural Good 


Structural Excellent 








Gases 


Acids 


Hydrogen, forming gas, 
dry HCl 


None 


Electrical Excellent 





Lactic, oleic, 
stearic, glutamic, 
phthalic 


Water, organic 
solvents, petro- 
latum paste, 
polyethylene glycol 








Halogens 


Nonrosin Base 


Aniline hydro- 

chloride, glutamic 
hydrochloride, bromide 
derivatives of palmitic 

acid, hydrazine hydrochloride 
(or hydrobromide) 


Same as acids 





Amines & 


Urea, ethylene diamine 


Water, organic 


Structural, 
electrical 


Fairly good 


Structural, Fairly good 


electrical 


Structural, 


amides 


solvents, petro- electrical 
latum paste, poly- 


ethylene glycol 





Water-white rosin, 
with activators 


Activated 


ANIC 


lsopropy! alcohol, Electrical 
organic solvents, 


polyethylene glycol 





Water white 


7 


Water-white 
rosin only 


Rosin Base 


ORC 


Spreading activity. A flux that will decrease the contact 
angle between molten solder and base metal surface will 
promote solder spreading. Affinity of the flux for metal is 
also important. It should be lower than the solder 
affinity for metal, so that the flux will be easily displaced 
by molten solder. Of the two spreading effects, the 
flux’s influence on contact angle is by far the more sig- 
nificant. ‘This angle is a measure of good fluxing. 

A fifth, though minor, characteristic of some inorganic 
fluxes that needs mentioning is electrochemical activity. 
In some cases, particularly with zinc chloride and ammo- 
nium chloride fluxes on copper, the flux will deposit solder 
ions on the metal surface by replacement—thus aiding the 
joining process. Here, some tin in the solder goes into the 
fused salt flux as tin ions. These then travel to the copper 
surface and deposit there by replacement of copper. The 
effect is one of pretinning; this speeds the spread of solder, 
since solder wets itself faster than most base metals. 


INDUSTRIAL REQUIREMENTS 


To make soldering an economical connecting method, 
fluxes must meet some additional practical requirements. 


46 


Same as activated Electrical 


A summary of these added points will help you determine 
whether a flux is of industrial value or merely academic 
interest. Which of these is most important varies from 
job to job. 

Short soldering time is essential, particularly in a high 
speed automatic set-up (such as the one shown on thx 
cover of this of Propuct 
electronics, where assemblies are 
quently, a well-selected flux should rapidly affect th 
allowing a maximum number of 


issue ENGINEERING) and in 


heat-sensitive. Conse 
solder/base-metal system 
joints to be made per unit of time. 

Soldering temperature, besides melting the solder, should 
be high enough to energize the flux into its cleaning 
function. Too high temperatures should be avoided, how 
ever, since organic constituents in the flux may becom¢ 
inactive if overheated. (An example 
ability of rosin-type fluxes is sharply reduced when they 
are heated rapidly to 600 F and kept there.) The “ac 
tivated” rosin fluxes, however, require high heat to decom 
pose and vaporize the cleaning agent, so that all residues 
are safe. A good general rule: Keep the soldering tem- 
perature 100 F above melting point of the system. 


copper cleaning 
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Tarnish ; 





Very good High Hot-water rinse and 
neutralize; organic 
solvents; or degrease 





Very good High 


Hot-water rinse and 
neutralize; 2% HCI 
solution; hot-water 
rinse and neutralize; 
organic solvents; or 
degrease 





Very good, at 
high temperatures 


None normally None required 





Fairly good Moderate Hot-water rinse and 
neutralize; organic 


solvents; or degrease 





Fairly good Moderate Same as organic acids 





None normally Hot-water rinse and 
neutralize; organic 


solvents; or degrease 





None normally Water-base detergents 
lsopropy! alcohol; 
organic solvent; or 


degrease 


Same as activated 

W/W rosin, but does 
not normally require 
post-cleaning 





Corrosion stems directly from the flux and must be 
controlled, or the soldered joint may weaken or fail in 
fatigue. In electrical connections, these troubles may b« 
compounded by change in electrical characteristics. Fur 
ther, corrosion products can lower the insulation resistance 
or bridge the components, causing short circuits. Con 
sequently, a good industrial flux should have low corrosive 
ness because when the flux is applied and melted, it may 
lodge in crevices or other hard-to-reach areas; fumes lib- 
erated during soldering may condense on the assembly 
away from joint and might not be removed when the 
joint area is cleaned; flux residues may drain into inacces- 
sible areas. If corrosiveness cannot be controlled, be 
sure that the selected flux and its residues will be easy to 
remove after soldering 


Safety must consider both the handler of the material 
and the plant itse:¢. The flux should be a nonirritating 
material with harmless fumes given off during soldering. 
It should have a flash point substantially higher than the 
soldering temperature, and a decomposition rate slow 
enough to prevent explosion in case of overheating. The 
ideal flux should also be inert to materials it might nor- 
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FLUXES FOR ELECTRICAL 
CONNECTIONS 


Corrosion products and flux residues are a special 
hazard in electrical connections because they may 
short-out circuits, or cause current | ; 

If the assembly can be thoroughly cleaned after 
soldering, any suitable flux may be employed. However, 
many electrical and electronic assemblies are sensitive 
to moisture or organic solvents, making it impractical to 
remove flux residue. Here, the rosin-base fluxes have 
come into their own. They fall into two major cate- 
gories: 

Water-white (W/W) rosin, as a flux for the elec 
tronics industry, is a controversial material. It has 
many uncontested qualities but does not fulfil all the 
requirements for efficient fluxing. As can be seen from 
Table II, p 48, few metal surfaces can be soldered with 
it, and then only under favorable conditions. 

Rosin is the nonsteam-volatile fraction that remains 
when pine sap is processed; its specific composition 
varies with the source of the raw materials. In gen- 
eral, it is a mixture of several isomeric diterpene acids. 
The major component is abiatic acid, which makes up 
80 to 90% of the average rosin. W/W rosin is an ex- 
tremely pure grade of material (see ASTM Designa- 
tion, D509-55). 

It is a rather sensitive flux that loses its tarnish-re- 
moval capacity when overheated. (This can be partly 
solved by allowing a long fluxing time at a lower, more 
active temperature range.) It reacts with copper oxides 
and sulfides to give a green copper abiate which is 
electrically inert. This green residue is often confused 
with copper corrosion products, which are electrical 
conductors when moist. 

When relatively clean surfaces are involved, W/W 
rosin makes a very safe flux, which can be left on under 
most environmental conditions. In an imert vehicle 
like isopropyl alcohol, it is the least corrosive flux avail- 
able at present. The flux residue is a hard transparent 
material, which is an excellent electrical insulator. 


Activated-rosin fluxes have organic and inorganic 
materials added to improve tarnish-removing ca- 
pacity. These “activators” remove the tamish, 
while the rosin supplies the surface activity and thermal 
stability. The nature of the activator determines the 
corrosiveness of the flux, and many proprietary fluxes 
are so formulated that the activator will decompose or 
evaporate at soldering temperatures, leaving a pure 
rosin residue behind. Any claim for complete decom- 
position of activator should be viewed with caution, 
because the activator needs enough exposure to the 
right temperature to be completely removed. In prac- 
tice, it is hard to determine whether enough heat and 
time are provided for all of the flux present, and any 
unused activator in the residue is a potential source of 
trouble. It is good practice, therefore, to remove the 
residues of activated fluxes. In doubtful cases, specify- 
ing a cored solder will also minimize the problem. 
Where it is necessary to leave the flux residue on the 
work, pure W/W rosin should be specified. 





a SOLDER FLUX continued 


Table II — Flux Guide for Engineering Metals 


Code: 1—Normally used 


2—Used only under favorable conditions 


3—Not normally used 





“METAL SURFACES 


INORGANIC Nonrosin ORGANIC 


Organic 


Rosin 
W/W sActivated 





Brass 

Bronze 
Cadmium 
Copper 

Gold 

Lead 

Nickel 
Palladium 
Platinum 

Silver 

Tin 

Tin-lead (hot dip) 
Tin-lead (pate 
Tin-nickel (plate 
Tin-zinc (plate) 


SOLDERING EASY 





Aluminum 
Beryllium copper 
Cast iron 
Copper alloys 
Germanium 
Inconel 

Kovar 
Magnesium 
Monel 

Nichrome 
Rhodium 

Rodar 

Steel 

Steel (galvanized) 
Stainless steel 
Zinc 

Zinc (die-cast) 
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Special solder & flux 
Special flux only 


Special flux only 
Special flux only 


Special flux only 
Special flux only 


Special flux only 


Special flux only 








Note: These metals are normally not soldered: beryllium, chromium, molybdenum, 
niobium, silicon, tantalum, titanium, tungsten, zirconium. 


mally contact. Directions for proprietary fluxes usually 
cover these points. 

Economics is a self-explanatory factor, though it should 
be kept in mind that an expensive flux can often bring 
savings later in reliability and avoidance of rework. 


COMPARISON OF FLUXES 


Dividing fluxes into “corrosive” and “noncorrosive” 
types, a widely used classification system, is inadequate 
and often misleading. Many fluxes placed in the first 
category can be easily handled, and many placed in the 
second are troublesome under certain conditions. Table 
I on page 46 shows a better scheme, using chemical 
origin as a basis. ‘This table identifies and compares the 
major flux types in terms of the properties discussed above 
—except for those properties that depend on the total 
flux/solder/base-metal system and so cannot be tabulated. 

The table shows two major flux groups—inorganic and 
organic materials: 

Inorganic acids and salts are fast-cleaning and will remove 
any common tarnish. They are stable and active at 
soldering temperatures, but very corrosive before and 


48 


after soldering and their condensed fumes must be 
removed. Most of these fluxes are easily removed with 
water and easily neutralized. Salt fluxes are more widely 
used and more readily handled than acid fluxes. 

Organic materials include acids and halogen compounds, 
both slower reacting than the inorganic group and less 
effective in removing tarnishes. Being organic, they are 
more temperature-sensitive. Organic halogens are similar 
to the inorganic salts, and are used because of the easily 
available halogen ions. However, this makes them a bit 
more corrosive than other organics. Of these other 
organics, amines and amides are used as additives to many 
proprietary fluxes, since they don’t have halogens them- 
selves. They are only mildly corrosive, but quite tem- 
perature-sensitive. Rosin-base fluxes form the last organic 
group, and these can be combined with other groups to 
form activated-rosin fluxes. Rosin fluxes are the slowest 
and least active of all. 


CHOOSING THE FLUX 


Table I is useful in comparing several flux candidates 
for a given job, but the first screening must involve the 
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EXAMPLES OF FLUX SELECTION 


Here are two practical soldering 
problems—one electrical, the other 
structural. 


PROBLEM: Electrical components 
(resistors, condensers, etc.) must be 
soldered into an existing electronic 
assembly that cannot be submerged 
into any cleaning fluids for flux re- 
moval. Limited production is planned 
at first, so hand soldering is required. 
Automatic manufacture is anticipated, 
however, as production increase’. 


Solution: Restriction on :emoval of 
flux residues dictates use of a noncor- 
rosive, nonconductive, nonhygroscopic 
flux. Table I shows rosin-base solders 
are best candidates. For better tarnish 
removal, a solder with activated-rosin 
core is selected. This also suits the 
hand-soldering operation, because the 
activated rosin core does not require 
meticulous precleaning steps. All flux 
is contained in the solder jacket; thus 


all the flux is exposed to soldering tem 
perature during solder melting, insur- 
ing deactivated residues. 

Automatic soldering, on the other 
hand, usually requires a dip in liquid 
flux, followed by dip soldering. Since 
no corrosion, or current leakage, can be 
tolerated, W/W rosin should be 
chosen, coupled with proper prefluxing 
steps to insure adequately clean sur- 
faces for this mild flux to work on. 


PROBLEM: A stainless steel tape 
is to be soldered to a plated steel block. 
Assembly requirements are such that 
no flux removal is possible in the final 
assembly. Plating chosen should pre- 
vent rusting of the plain steel block 
under operating conditions, and have 
a pleasing appearance. 

Solution: Principal problem is the 
stainless steel, a metal that requires a 
special, highly corrosive flux (Table 
II). This flux cannot be used at final 


assembly, siace washing is precluded. 
However, the stainless tape can be pre- 
tinned, using this flux, and all currosive 
residues washed off before final assem- 
bly. Then, with a mild, noncorrosive 
flux, the pretinned tape can be soldered 
into the assembly. 

Cadmium plating is tentatively se- 
lected as a compromise among appcar- 
ance, corrosion resistance and cost. 
Further surface treatment on top of 
the plating, such as a colored conver- 
sion coating, is ruled out, as it impairs 
solderability. A check on cadmium in 
Table I shows it can be soldered with 
W/W rosin flux if conditions are 
favorable, but that normal practice 
would call for either a nonrosin-base 
organic fux or a flux with activated 
rosin base. A check in Table I shows 
the latter to be least corrosive of the 
two. In summary: Use an activated- 
rosin flux to solder pretinned stainless 
to cadmium-plated steel. 


metals to be joined—the starting point of any soldering 
problem. Table II therefore lists which flux types ar 
preferred for which metal surfaces. It shows that, unde: 
favorable conditions, many mild fluxes are satisfactory 
an important factor in electrical applications. 

Most handbooks give adequate guidance on choice of 
solder for the metals to be joined. Once the soider/bas« 
metal combination has been selected, Tables I and II may 
lead to several possible fluxes. The final choice will then 
depend on other factors such as flux cost, pre- or post 
soldering steps required, importance of residues, need for 
automatic procedures and the like. 


WRITING THE SPECIFICATIONS 


Choosing a flux with discretion is not enough; ther 
must be some insurance that it is used properly. This can 
be done, in part, by spelling out the proper flux and 
solder procedure in the design specifications. In general, 
be sure to cover the following points: 


Flux type desired should be plainly specified. Choic« 
of flux brand should be left to manufacturing personnel 
who, in turn, can draw on past experience. Government 
agencies, trade associations, and technical societies have 
flux standards (Table III) to which flux manufacturers 
pay close attention. These can serve as additional guides 

Prefluxing steps may be necessary. Fluxes will not 
remove surface dirt, which will often render the flux 
inactive. If heat-treat scale is present, specify a descaling 
step. In general, the same precleaning procedures used 
for electroplating will suffice (surfaces should be dry, how 
ever). Ifa soldered subassembly used a corrosive flux and 
if total removal of residues is in doubt, specify pretinning 
of parts before assembly, together with proper cleaning 
This will remove all corrosive residues and allow mild, 
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Table II] 


Major Soldering Standards 


and Specificat ions 





DESIGNATOR SUBJECT 





QQ-S-57 1« 
Mil-14256A 
Mil-S-6872A 


Solder and Flux 
New Flux Spec 
Soldering Process 


Underwriters 81-O Soldering Fluxes and 


Laboratories (UL Fluxed Solders 


Electronic Industries 
formerly RETMA 


Solderability Test 
Standard 


Soft Solder Metals 
R n-flux Cored Solder 


noncorrosive fluxes to used in the final assembly 


Method of flux application is determined by the specif 
upplication, which may allow any of several 


lling, etc. Flux « 


dipping, 
spraying, brushing, 1 oncentration and its 
vehicle should be specified, along with any special pr 


cautions regarding vehicle stability 


Soldering parameters such as temperature, type of heat 


source (torch. electric iron, solder pot, resistance tool 


i 


etc), and safe entilation should be checked for com 


patibility with the flux, then specihed 

Post-soldering steps may be needed because the joint 
as well as adjacent areas—will be covered with flux residu 
spattered flux and possibly flux condensat: [wo proce 
dures are possible: For corrosive fluxes and residues 
removal is necessary—particularly in electrical connections 


Specify flux-vendor recommendations or rinse with dilute 
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a SOLDER FLUX continued 


Table IV — Solder-joint 
Inspection Chart 


GOOD WETTING. Solder is feathered out, in- 
dicating a small dihedral angle. The solder 
surface is bright and smooth, with few or no 
pinholes. 


Table V — Checklist for 
Flux Selection 


1. Does the job require precleaning of met- 
al surfaces? 

2. Will the flux promote soldering under 
production conditions? 

3. Is it the least corrosive flux that will do 
the job adequately? 





POOR WETTING. Solder makes a large contact 
angle (75 to 90°). Solder surface is not con-. 
tinuous; irregularly round, nonwet areas are 
exposed. Normally a small amount of this con- 
dition can be tolerated. 


DEWETTED. Solder forms in balls, does not 
completely cover the surface, and has contact 
angle greater than 90°. This condition should 
not be tolerated. JA 
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IZ insufficient heat 


INSUFFICIENT HEAT. Solder solidifies in a non- 
adhering continuous layer because flux is not 
properly activated. Usually a film of tarnish 
is still present on the work, and the solder cari 
be pried loose. Contact angle large, but varied. 


ROSIN. Bond is achieved through a layer of 
solidified flux, usually a rosin type. Jn its worst 
form, this joint has no metallic or electrical 
continuity, and has little physical strength. Con- 
tact angle poorly defined though fillet is con- 
tinuous. 


COLD. Joint appears frosty and granulated 
because of movement during solder solidifica- 
tion, In its worst form, it is the “fractured joint’ 
shown at left in the sketch. Contact angle usu- 
ally OK. 


HCl followed by water and/or neutralize dip for inorganic 
fluxes; for organics, solvents or water-base detergents will 
suffice. Be sure that all identification marks on com- 
ponents are resistant to the solvent used. For noncorro- 
sive fluxes, leave the residue on. Just be sure that it is 
hard, nontacky, nonhygroscopic, and a good electrical in- 
sulator. 

Inspection of the finished joint, short of destructive 
testing, is limited to visual examination. There are, as yet, 
no engineering criteria for solder-joint evaluation beyond 
the use of the dihedral angle. Acceptable limits for this 
wetting angle should be clearly specified. Table IV lists 
several categories of inferior connections, applicable to 
both electrical and structural joints, that should be avoided. 
As experience is gained, a well-trained operator, who fol- 
lows specifications can obtain consistently good joints. 


4. Can the corrosive residues, if any, be 
easily removed? 

5. Does the flux lend itself to the produc- 
tion techniques desired? 

6. Will the flux be used in its proper tem- 
perature range? 

7. Is the flux vehicle suitable for your tem- 
perature conditions? 

8. Are flux and vehicle both safe under 
production conditions? 


Training Film 


Operator training and critical, 
visual quality control are as vital to 
good soldering as proper flux selec- 
tion and specification. To empha- 
size this point, IBM has prepared a 
13-minute training film entitled 
“The Art of Soft Soldering.” In 
sound and color, this film is avail- 
able for training purposes on a free- 
loan basis by writing to: Dept of 
Information, IBM World Head 
quarters, 590 Madison Ave., New 
York 22. 


The checklist given in Table V provides a final yard 
stick for flux selection. A quick run through this list will 
ensure that no major factors have been overlooked. 


REPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept., Product Engineering, 330 
W 42nd St, New York 36, N. Y. 


EDITOR’S NOTE: Other recent articles on the special 
problems of joining metals: 

Pinpoints Best Soldering Connections, Apr 25 "60, p 44 
Tester checks temperature, surface condition of metal, 
composition of solder and flux. 

How to Choose the Right Electrical Connection, Dec 7 
‘59, p 71—Here for the first time are direct comparisons 
among all electrical connection methods—permanent and 
separable, Articles gives data from all known sources. 
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new 
standards 
needed 


for... MOTOR PROTECTION 


Safeguards can be simpler now, thanks to small detectors that mon- 
itor temperatures right in the motor windings. Here are reasons why 
our present standards—written around slower-acting thermostats 


—are becoming obsolete. 
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Odsolete electrical standards can cost you money, 
particularly in the case of overload protection for motors 
Too often, we find two devices—for over-temperature 
and over-current protection—are often specified when a 
single one could do. 

Over-temperature of motor windings—whether in ac 
or de types—is almost always the basic danger to guard 
against. An over-current device external to the motor 
is one way to get that protection. A more direct way 
thanks to small, fast-acting, reliable, temperature-sensing 
elements now available from many manufacturers—is 
to imbed the protection right in the motor windings 

Unfortunately, most of the existing electrical stand 
ards assume that temperature detectors act too slowly, 
and they specify cver-current relays as backups. This 
is why today’s need is for a set of revised standards, and 
why such are now being worked on by an NEC (National 
Electric Code) group. These standards, based on modern 
technology, will ensure that protection is adequate but 
not redundant. 


WHAT THE STANDARDS SHOULD COVER 


First necessity is to recognize that motor protection 
cannot be completely divorced from circuit protection 
Over-all protection includes branch conductors (from the 
power line), controls, motor windings, and adjacent. or 
related circuits. The schematic on next page shows five 
control elements important to the discussion. 

Not all five control elements are needed in every motor 
application. For example, over-current protection and 
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in every application. Text discusses when 
each is required. 
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SPEED OR RESPONSE of each important circuit ele 
ment must be known before proper selection of protec- 


tive devices 


can be made. Here is typical motor and 


branch response. Inherent over-temperature sensor will 
be at motor temperature, tripping quickly at chosen set 


point. 


the disconnect for a branch can often be combined in 
a circuit breaker. And there are numerous situations in 
which one or more of the elements—including motor 
over-current protection, which is intended to protect motor 
windings and branch conductors from overheating—can be 
eliminated if safety is ensured by other devices elsewhere 
in the branch or feeder. 

All of this is carefully spelled out in the National Elec 
tric Code, as is explained below. But other standards 
writing groups do not allow so much leeway—particu 
larly regarding motor over-current protection. They insist 
on external motor-overload devices (thermal or magnetic) 
where inherent (in-the-motor) over-temperature sensors 
would do 


TODAY’S STANDARDS 


Basic electrical standard for all standards-writing groups 
is the National Electric Code (NEC), sponsored and 
published by National Fire Protection Association 
(NFPA), 60 Batterymarch St, Boston. The American 
Standards Association (ASA) has approved the NEC as an 
American standard. National Board of Fire Underwriters 
(NBFU) also accepts NEC as a standard. 

NEC standards are flexible enough to allow inherent 
in-the-motor) over-temperature protection—without cur- 
rent-responsive overload relays for backup—in many cit 
cumstances. 
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However, motor-using industries can adapt basic NEC 
rules to suit the particular conditions of each industry . . 
and these versions are usually stricter than those considered 
in the NEC. 

For example, Joint Industry Conference (JIC) Stand 
ird E13.4.1 specifically states: “Each motor shall be pro- 
tected against running overload by the use of a separate 
overload device responsive to motor current or to both 
motor current and temperature.” It recommends an in- 
herent (in-the-motor) over-temperature protector only 
when “‘short-time-rated or high-reversing-duty motors . 
cannot be adequately protected by external overload de 
vices.” And even then it specifies: “In addition (such) 
motors shall be protected against stalled conditions by the 
use of a protective device which is responsive to motor 
current.” 

National Machine Tool Builders Association (NMTBA) 
Standard 13.4.2 follows the reasoning of JIC regarding 
short-time-rated and high-reversing-duty motors, allowing 
inherent over-temperature protection, but stating: “In addi- 
tion they shall be protected against stalled conditions 
by use of a protective device which is responsive to motor 
current or to both motor temperature and current.” 

Objection to the NMTBA and JIC adaptations of NEC 
is mainly this: There are many applications in which 
either one or the other—external overload protection, or 
inherent over-temperature protection—will do. Why not 
permit such exceptions in the wording of the standards? 
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HOW NEW STANDARDS CAN HELP 


These typical circumstances demonstrate that the de- 
sign engineer must have more leeway in deciding the type 
and amount of protection needed for circuits and motors: 


Branch Overloads. Branch fuses are usually simple, fast- 
acting links designed to melt at about 400% motor cur- 
rent. Current overload relays in each designated phase of 
the branch operate at about 125% motor current (a typical 
case) to protect motor and branch circuits from overloads 
and short circuits. It might be possible 
assuming that standards-writing groups agree) to eliminate 


between 125% 


the over-current relays and absorb their function in the 
branch fuses. 

For example, the 400% quick-acting fuse could be re- 
placed by the 200% time-delay type. Continuous overload 
above 200% would be prevented, but nuisance trips on 
short-time-overload—even stalling—would not occur. The 
inherent temperature-detectors would meanwhile be there 
to prevent motor overheating 


Branch Conductors. Cable-sizing practices today result in 
conductors that overheat more rapidly than the motor 
under certain overload conditions. Thus, they depend 
upon external over-current devices for protection. Yet if 
standards specified slightly larger cables—a good idea— 
then the over-current devices could be safely eliminated in 
many instances. And inherent over-temperature sensors 
will still protect the motor windings 

Another answer to conductor protection is to place 
temperature-sensing elements—connected into the motor- 
control circuit—in the cable insulation 


Running Overload. Assuming external circuitry is properly 
sized—new standards are needed to assure this—then over- 
loads can be safely limited by temperature sensors in the 
stator windings for motors of any size. Unless the motor 
overheats, there is no need to trip it out on momentary 
overload 


Stalled Rotor. Causes can be mechanical (jammed gear- 
ing, excessive overload), or electrical (loss of phase, drop 
in voltage Result is continuous current—many times 


higher than normal—that heats rotor, stator and external 


circuitry at rates depending on relative impedance and 
mass of parts 


EDITOR'S NOTE: Details of all types 
of inherent over-temperature protec- 
tors will be given in a forthcoming 
article. New NEMA standards for mo- 
tors and controls have been discussed 
in these previous articles: 

NEMA Standards for Those Size- 
reduced Motors, Feb 3 ‘58, p 54—Ex- 
plains and summarizes the new NEMA 
frame designations. 

Contro! Enclosures, June 23 '58, 
p 78—Expiains the NEMA standards, 


NEMA, UL and 


capacitor. 
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describes safeguards, 


tilation, and other requirements of 


For more details on motor protection 
and control see: 

Duty-cycle from Motor-winding Re- 
sistance, Jan 25 
Seely Box that determines motor tem- Motor Overload Relays, Jan ‘55, 
perature under load by bucking ac with 
potential transformer, adding isolation 


If branch conductors and other external circuitry have 
been properly designed (specific standards should define 
the limits), then over-current caused by stalling will 
seriously overheat the motor only. For ac motors less 
than 200 hp, the stator-winding temperature is a reliable 
indication of over-all motor temperature. Here, fast-act- 
ing temperature sensors—without help of thermal or 
magnetic relays that respond to current—give adequate 
protection. However, for larger motors, the rotor tem- 
perature will increase too rapidly compared with that for 
the stator, and stator-mounted detectors will usually not be 
adequate for stall protection; therefore over-current relays 
are needed. 


Unusual Duty Cycles. No standard can anticipate every 
duty cycle. Those too unusual for consistent standards 
must be over-protected in many cases. The less predictable 
the cycle, the more reason to install the protection within 
the motor windings, along with external protection, too, if 
necessary. 


Direct-current Motors. It’s harder to protect dc motors than 
ac induction motors. For one thing, the main winding 
(armature) is rotating, and electrical connections must be 
made via the commutator. Furthermore, electrical impe 
dance is less and current surges can be more serious. Most 
standards cover both de and ac motors. Ac induction 
motors are most common, so will benefit in greater pro 
portion from improvements in standards 


Ambient Conditions. Poor ventilation, dust accumulation, 
hot days, and wide temperature variations between motor 
und control enclosure can alter operating point of ex- 
ternal protective devices, causing either nuisance trips or 
failures. Inherent sensors are not affected, and trip out 
when winding temperature reaches set value 


Reduced Cooling. Sealed refrigerator motors, and other 
motors normally kept unusually cool with available fluids, 
can overheat on system loads that are small if rate of cool 
ing becomes too low. Best protection here is with tem 
perature sensors in windings, because overload relays do 
not operate on abnormally low currents. It is also pos 
sible to eliminate some mechanical protective devices such 
as oil-failure and low-pressure switches—if winding-tem 
perature sensors are recognized by the standards to be 
reliable for the application 


minimum ven- Here's Help in Selecting the Right 
Motor, Oct 13 '58—A bibliography of 
previous Product Engineering articles 
on motors and controls. 

Fuses Do This, Jan 6 "58, p 64—De- 
scribes single and dual-element fuses, 
explains NEC rating methods, recom- 
p 64—Describes mends good fusing practices. 

p 77, and Safety in DC Motor Controls, 
Dec 55, p 193——-They tell how to select 
the right relay rating. 
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Food-tray carrier for airliner has 7 
aluminum honeycomb panels with flex 
corners bonded with modified epoxy resin 
Total panel weight (0.236 Ib/sq ft) saves 4 
to 5 Ib over earlier design using riveted 
corner construction Door is spring-closed 


CORNER CONSTRUCTION 
for joining sandwich panels 


ORVIL S$ TUTTLE, technicol director 


Monogram Precision Industries Inc 


A shipping container suitable for permanent storage, tion are shown in the table, along with the 

when designed for air shipment, requires sturdiness to with- and limitations of each type of construction 

stand rough handling with minimum weight. Structural The bonded type with the inserted corner giv 

indwich offers possibilities, but adequate strength, good lowest weight and cost, has the desired flexibility, av 

scaling, and corner flexibility are difficult problems with sealing problem at corners, takes standard panels with 

ome types of corners. Assembly labor can be high for little or no tooling. Brackets, channels and other details 

tricky designs, and panel thickness also can be critical. required inside the container can be added before panel 
As applied to a typical test bench for aircraft fire control, issembly. In addition, the construction is adaptable to 


relative cost and weight for four types of corner construc- short runs as well as large containers 


COMPARISON—4 Types of Corner Construction 


for a fire-control test bench 





RIGID FLEXIBLE BONDED BONDED 





, 


+. 


a | po Spee - 
a SINT 


V 
Relative Cost 1.2 
Weight Index 1.3 1.1 
Flexibility Stiffer than panel 10% of panel stiffness Stiffer than panel 10% of panel stiffness 
Watertight Sealing Difficult at corner Cement-sealed; Tricky corner No problem 
intersections no corner problems intersections 
Panels Edge banding Standard panels Thickness is critical Standard 
required cut to size 
Drilling In assembly or with templets None No tooling 


Labor In proportion to linear dimensions Less skill required 
Meet Military Drop-test? Exceeds specs 
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Intermediary 











blade piston 


TWO PIVOTS and the intermediary 
flange govern sequence of cutting ac 
tion. Flange is connected to the press 
frame at the upper pivot. The cutting 
ram is connected to the flange at 
lower pivot. In first part of cycle, the 


AUTOMATIC P:VOT-SWITCHING is ac 
complished by the ram stops and by cutting 
the flange-holding piston out of the hy 
draulic circuit after the shearing operation 
Movement of the flange stops provides ad 
justment of the shearing cut, and ram stops 
provide adjustment of the beveling opera 
tion. Entire plate edge can be beveled, o1 
a partial bevel can be cut, leaving a vertical 
shoulder Retractable steel balls on the 
worktable permit two-man positioning of 
heavy steel plate for cutting. When plate 
is clamped for shearing, steel balls retract 


PS . Cutting and beveling plates before 
welding usually requires the use of two 
presses, one for each operation. Single-press 
operation eliminates handling required to 
move stock between shearing and beveling 
operation. At full capacity (handling 1-in 
thick plate, 10 ft long) press can moke 8 
strokes per minute. Unloaded press cycles 
in 4 seconds. Three models (for %, % and 
l-in. plate thickness) ore produced by Cerpet 
Lovvet & Co, la Courneuve, Seine, France 
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Same Stroke— 
2 Different Cuts 


Only one press and one operation are needed to 
lop off metal plates and bevel them. It’s done by 
automatically switching from one pivot point to 


another in midstroke. 


Upper pivot 


1 
ba 

















ram turns around the lower pivot and bottoms on the flange. This overcomes 

shears the plate with the square-cut the restraining force of the flange- 

blade; motion of the intermediary holding piston and the ram turns 

flange has been restrained by the around upper pivot. This brings the 

flange-holding piston beveling blade into contact with the 
After the shearing cut, the ram stop plate for the bevel cut 


: 
| 





Lower 

Flange pivot 

intermediary holding 
flonge piston 
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EQUALIZING LEVERS, which are 
mounted on eccentric pins of the 
satellite-gear carriers, are used to 
balance the load transmitted between 
the sun gear and ring gear. If one 
satellite gear receives more than its 
share of the load, it runs slightly 
ahead of its mate. But as it moves 
ahead, the overloaded satellite pivots 
the balancing lever on which it is 
mounted. This motion is transmitted 
through the opposite lever to force the 
underloaded satellite into greater con 
tact with the ring gear, thereby equal 
izing the load. Thus, these permanently 
meshed equalizing levers compensate 
for machining and mounting errors 
of the planetary parts. Load on the 
equalizing levers is low, permitting 
levers of as little as 1/15th the ring 
gear width 


a 
4A «a 


Levers Balance Planetary-gear Loads 


Balancing action of pivot-mounted plane- 
tary system corrects unequal loads 

on satellite gears. This reduces manufac- 
turing cost, increases allowable load 
factors, and permits use of parts 


with wider tolerances. 


PIVOTING ACTION of levers compensates for unequal 
loading. The satellites travel through arc YV whose radius, 
e, is equal to the eccentric off-set AM. Angle ¢ subtended 
by this are equals the angular deviation of the equalizing 
levers from a line, AA’ between the pivot points of the 
satellites. The radial distance, A C, along the system 
centerline between points on the arc is the axial distance 
error. This axial error equals the distance the satellites 
can travel to compensate for allowable manufacturing 
tolerances and the resulting unequal loading. Conventional 
planetary systems, with no such compensating mechanism, 
would require much closer tolerances, and higher produc- 
tion costs, to assure equal loading. 
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THREE-GEAR PLANETARY SYSTEM achieves a 
constant mechanical load balance by using a 
slotted equalizer ring to absorb the load variations 
transmitted by the three equalizer levers. The 
floating equalizer ring is mounted on the three 
levers and positioned by load conditions when the 
transmission is in motion. During operation, the 
centers of the equalizing ring and the sun gear 
do not necessarily coincide, since the ring shifts 
to compensate for unequal loading 


POWER FLOWS through gear train as follows: input at 
the sun-gear is transmitted to the satellites, which rotate 
on the eccentric shafts and engage the ring gear Ec 
centric-pin carrier serves as output shaft. The equalizing 
levers are keyed to the eccentric pin and connected to each 
other by geared segments at the center. Uniform loading 
at all four points of contact between gears is assured by the 
balancing effect of the equalizing levers 


PS. Developed for use in cranes, hoists, cable cars and 
mining machinery, pivoting transmission allows lightweight 
high-capacity planetary systems. Actual production cost of twin 
gear planetary system compares favorably with simple gear-and 
pinion reducers of same size. Produced by Simmering Graz 
Pauker A. G. Vienna, Austria. 





volume requirements of 


EPICYCLIC GEAR SYSTEMS 


Equations for volume of spur or helical trains don’t apply to epicyclic 


systems, where power flows through several planets. The author therefore 


modifies the equations—to provide a systematic analysis 


of volume, power capacity, speed ratios and stresses. 


(For the latest development in an application of epicyclic gearing— 


supplying the planetary system with load-compensating levers—see p 56.) 


ROBERT J WILLIS JR 
Lightweight gear application engineer 
General Electric Co, West Lynn, Moss 


F. epicyclic gearing we need more than the standard 
equations that guide the preliminary design of spur or 
helical gears. As written, such equations do not allow for 
the multiple power paths in the planetary or star gear 
systems. But they can be adapted for the purpose. The 
following two equations, found in D. W. Dudley’s book, 
Practical Gear Design, serve as a starting point 


W; Mm, + 1 
Fd, mM, 


horsepower _, (m, + 1)* 
"te 


CF Where K 


31,500 Q | 
- 


Q x 
pinion rpm 


Substituting for O in Eq (1) 


31,500 — hp 


(7P = 
, K "> thy 


Since, by definition, 
C = 4(d, +d,m,), 


* 
Cc [4 (m, + 0] 


REPRINTED—Circle P54, inside back cove: 


Substituting C* in Eq (3) gives 


Fd.? =< _126,000 x hp ra Mm, + 1 (4) 
° Kn, — Me 


The various factors required to solve Eq (4) are nor- 
mally known, or can be made readily available in normal 
practice. The solution indicates that for a given set of 
design conditions a specific rotor volume is required—the 
volume of a cylinder formed by the active gear-face width 
and the diameter of the pitch circle. 

Once rotor volume has been determined by Eq (4) for a 
specific set of design conditions, it must be kept. It is 
possible to vary the relationship of face width to diameter 
so long as their product remains constant. For high-speed 
precision gearing, however, it is not good practice to allow 
the face width to become too large with respect to gear dia. 
This can cause misalignment and bending, and lead to 
load-carrying problems. It is well to limit the face width 
to 60-70% of the gear dia, unless a double-helical set is 
used. In the latter case the individual faces should not 
exceed the 70% value. 
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In practice, Eq (4) must be altered to account for the 
effect of the number of planets designated by b—Eq (5 
below. (The possible number of planets in an epicyclic 
gear is further explained by the author in his Propuc 
ENGINEERING article, Nov 24 '58, p 57 


- 126,000 hp m +1 
d? 5 
F Kn | m, | 


For a simple planetary gear 


STAR GEARING is a variation of the basic planetary gear 
system. Geometry of these two types is the same; differ- 
ence is in the ratio of output to input 


Other basic equations used are 


Ww 126,000 hp 
.” bn, d, 
W, Pa 
F Cos ¥ 

Eq (7) applies to both straight spur and helical gear 
designs. For spur teeth, where helical angle is zero, cos ¥ 


equals 1.0. 


7 = 


The reasons for using helical teeth in epicyclic gearings 
are the same as in normal gearing practice 
@ Helical gears run more smoothly at high rpm. 


© Helical gears tend to dampen disturbing dynamic o1 
vibration frequencies 


© Double helical gears will cancel end thrusts and permit 
free floating of the sun pinion. 


PRODUCT ENGINEERING + JUNE 13, 1960 





SYMBOLS 


Number of planets M, — (de/d,) + 1, over 
' all epicyclic ratio 
Center distance, in for planetary gear 
Pitch dismeter of Number of sun 
planet gear, in teeth 


Pitch diameter of Number of planet 
ring geer, in teeth 

: - Diametral pitch 
Pitch diameter of : P 
sun pinion, in. Compressive stress, 
Dsl 
~ Face width, in Tensile stress, psi 
Speed ratio. (m, + ‘.’ — Tensile stress for 
1)*/m, is ratio fac- reverse loading, psi 
tor - Unit load, tb/in. of 
d, d,, ratio of planet face width 


to sun pinion Tangential force, Ib 











When using double helical gearing 


u must split the 
ring gear to allow for 


assembly. 
Putting Equations to Work 


The following steps, using arbitrary but representative 
figures, show how to get preliminary design data from these 
equations. 

1. Solve for rotor volume, using Eq (5) and the calcu 
lated value of m,. Suppose the answer is Fd,’ 

2. Solve Eq (6) for tangential driving load. Since the 
sun-pinion diameter is one of the unknowns in the general 
problem, no numerical value is substituted for d,. The 
result might be W, 18.000/d, 

3. Choose a value of unit load. For high-speed high 
power precision gear sets, a value of 12,000 to 13,000 


= 


lb/in. will result in reasonable root stresses for limited 
life designs. Table below shows typical unit loads based 
on 100,000,000 cycles with reversed bending load ac 
counted for. Substitute the value found for W, above 


into Eq and solve for Fd,. For our example 


Fd, 1.05 Pa 





TABLE OF UNIT LOADS 
Material Hardness, R, U 
(Carbon Steels 

Furnace Hardened & Machined 33-38 6000-8000 
Carburized Ground Fillets 58-63 9000 
Flame or Induction Hardened 48-53 9000 
Carburized Unground Fillets 58-63 12,000 
Carburized, Special Design min 15,000 
With Rigid Quality Control 











4. There are now two equations with the factors F and 
d, available in useful form. By solving these two equa 
tions for F and setting them equal to one another 


5 1.05 Pa 
3 d, 


23.809 

i, P; 

5. A table as shown in sample problem later is now 
made, listing various values for d, and P, 


At this point engineering judgment will guide the de 
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EPICYLIC 
GEAR SYSTEMS continued 


signer to the best combination. For example, a specific 
ipplication may have size limitations, yet the value of 
diametral pitch which results in the proper-size gear set 
may not be what the designer considers ideal. Some con 
sidered maneuvering with the variables is necessary to arrive 
at the required design objectives—minimum weight and 
size 

Taking the above basic equations a step further in our 
derivation by substituting the W, in Eq (6) into Eq (7) 
gives 

126,000 hp Pa 
bn, F d, 


126,000 hp Pa 


Pd, bn, U 


(9) 
By solving for F in Eq (5) and (9), and setting results 
equal, the following fundamental equation for d, is 


obtained: 
U Mm, +t l 
“= K Pa [ Ms | (10) 


It must be noted that in epicyclic gearing the planet 
gear is, in effect, an idler; therefore, the root stress of 
the sun pinion-planet mesh must not exceed 70% of the 
max allowable root stress to allow for reversed loading. 
It should also be realized that the number of cycles, even 
for a short design life, will be relatively large under nor 
mal circumstances, with the result that the stress is at or 
beyond the knee of the fatigue-life curve. In slower-speed 
gear systems this might be considered design for an infinite 
life. In normal practice—that is, high-speed power-trans 
mission gearing-—an epicyclic-gear set is classified as pre- 
cision gearing where there has been careful selection of 
materials and supervision of manufacturing methods and 
heat-treating This is especially true where minimum 
size and weight are design objectives. For such conditions, 
the maximum allowable root stress is approximately 
54,000 psi. The following equation closely approximates 
the root stress: 

W, Pa (3) 


S, & 
P 


= 54,000 (11) 
Where reversed loading is encountered, as in the planet 
gears, it is customary to use as a limit 70% of the maxi 
mum allowable root stress: 
(0.7) W; Pa (3) 
F 
lhe value of root stress is directly proportional to unit 
load (Eq. 7). Therefore, value of unit load for this 
method is 12,300 Ib/in. of face width—and this only 
when a gear set with very high performance is desired. 
Actually, gear sets have successfully transmitted approxi- 
mately 30 hp/Ib of structural weight. (Planetary-gear 
feasibility designs for aircraft made by the author, using this 
procedure, indicate this figure could be as high as 34 hp 
lb.) This weight includes casing structure, bearings, lubri- 
cation and oil-scavenge means, but does not include acces- 
sory gearing or the lubrication and scavenge pump. 


Ss’, = = 37,800 (12) 
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Final Check Points 
In applying the above procedure check these points 


e For spur gearing, limit face width of the sun pinion 
planet mesh to 60-70% of the diameter of the smallest 
gear. 

e The planet gears are in stress reversal. Be sure the 
limiting value of root stress is treated accordingly. For 
spur-gear root stress use Eq (12) 

@ Check the design for Hertz compressive stress to 
assure that the limiting value is not exceeded. For 20 
spur gear, Hertz stress is S, = 5712 \/K. 

@ Check scoring factor or lubricant flash-point tempera 
ture. Kelley’s method has been found reasonable to apply 
by actual test determination 


Application to Offset Gears 


This method may also be used for the design of offset 
gears where the value of center distance is not fixed or 
given. When used for such a purpose, the term b (num 
ber planets) is dropped from the equations developed 
Also, the factor affecting root stress to account for reverse 
loading is discarded unless the gear arrangement contem 
plated has an idler. The following equations are applicable 


126,000 « hp m, + 1 
rd 2 
Pd, Kn, [ My ] 


126,000 * hp 
ny, d, 
W, Pa 126,000 x hp & Pa 
FP n,Fd, 
126.000 hp “ Pa 
U Xn, 


U m, +1 
d, , KP, [ Me ] 


SAMPLE PROBLEM | 
To illustrate the above design procedure, consider the 
following example: 


W, = 


Data Given Data Assumed 
Planetary Gear K = 1000 
M, =5 U 12,300 
hp = 3000 

n, = 6000 

bh=4 

M,—2 


Ms = = 1.5 (for planetary gear) 


Solution: 


ras 126,000 x 3000 [1541 
” 4 < 1000 x 6000 
yr, < 126,000 x 3000 _ 15,750 
‘4X 6000 x d, d, 
15,750 Pa 
F d, 
Fd, = 1.28 Pa; solving for F and equating 
26.25 ~ 1.28 Pz 
d? d, 


d, = 20.5/Pa 


U = 12,300 ; therefore 
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By choosing various values for d, and P, the following 
table can be constructed 





TABLE FOR EXAMPLE 1 
6.12 7 ~ 
3.35 2.93 2.565 
7.83 8.95 10.23 
2.34 3.06 3.99 
5.02 4.40 3.85 
16.75 14.67 12.84 
0.700 1.045 1.554 
$700 5380 6140 
36 , 900 36 , 900 36 , 900 
181,800 - _- 











Why construct the table when an immediate, specific 
solution for the variables is possible by substituting 0.6d, 
or 0.7d, for F after the value of Fd,’ was established? 
Simply because the table indicates the degree of change 
in each of the variables with constant increment changes 
of Pd, and therefore presents a broader picture. 


SAMPLE PROBLEM 2 


Data Given Data Assumed 


Planetary Gear K = 500 
M.=5 i 15,000 
hp = 3000 
n, = 12,000 
b=4 

M,—2 


a ae 


Solution 


. 126,000 « 3000 15+ 1 Ae 
Fd? 7 ; = 26.25 
4 < 500 X 12,000 1.5 
_ 126,000 < 3000 7880 
4 X 12,000 x d, d, 


15,000 = Laat - therefore 
0.525 Pa; solving for F and equating 
0.525 Pa 
d, 
= 50/P4 


Again, by using various values for d, and P, in the 
above equations the following table can be constructed 





TABLE FOR EXAMPLE 2 


Pa 8 i) 10 ll 12 13 14 

d, 15 6.25 5.56 5.0 4.55 4.17 385 3.57 

Fd, 3.68 4.20 72 5.25 5.77 630 6.82 7.35 

F 0.515 0.672 9.849 1.05 1.27 1.51 1.77 2.06 

d, 10.71 9.36 834 7.50 682 6.25 5.77 5.35 

dpe 28.60 25.00 22.24 20.00 18.20 16.68 15.40 14.28 
W, 1102 1260 1415 1575 1732 1890 2045 2210 
Sy 64,500 

8, 128,000 











Analysis 


Let us assume that the casing must not exceed 16 in. 


diameter. A study of the above table indicates 
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e The root stress exceeds the max allowable value of 


54,000 found in Eq (11). 
e The sun pinion is the smallest gear and should 
have 24 or 25 teeth for good design. 
e To fit a 16-in.-dia housing, a reasonable starting point 
is a ring gear with 13.32 in. pitch dia 
eA ratio of F/d, = 0.7 for the sun pinion should be 
checked. 
Procedure 
To choose the most feasible design parameters 
the above table proceed as follows 
> P Nl, 25 _ we 
re-z"ta 7" 
Check d, when F 0.7 d, 
Fd? = 28.25 = 0.7d3 
d, 3.35; therefore choice of 3.33 


Check face width by limiting the value of S, 54,000 


d, ie good 


2370 X 7.5 XK 3 
0.7 X FP 
F = 1.411; Use 1.45 


54,000 - 


Check F/d, 


F/d, Le 


Check unit load 


Summing 


For REPRINT of above article, just check P 54 on one of the 
Reader Service cards bound in this issue. 


EDITOR’S NOTE: Epicyclic gearing is 
a relatively new and rapidly developing 
concept in power transmission, which 
will continue to be covered in these 
pages as additional information is de- 
veloped. Other recent articles on this 
subject are listed below. 

Epicyclic Gear Train Calculations, 
Apr "57, p 186—Shows step-by-step cal 
culation of forces and speeds by reduc- 
ing the train to its component parts 
and analyzing the center member. 

Stress Cycles in Planetary Gears, 
Jan '57, p 219—Tabulates formulas for 
number of stress cycles a gear tooth 
receives during its life. 

Formula for Epicyclic Gear Train of 
Large Reduction, Mid-Oct °57, p E-12, 
shows configuration and calculations 
for a reduction of 500:1 or greater 





some problems and possibilities in 


PRODUCT DEVELOPMENT 


New materials, new production methods, and new methods 


of analysis and design have greatly increased the engineer’s reach. 


But multiplicity brings its own problems. 


E PAUL MEYLAN, project director 


Consultants for Product Design, Los Angeles 


Designers have a saturation point too. 

The billions spent in research and development in the 
past few years have resulted in a bewildering array of new 
materials, new processes, new components, new packages 
and infinite combinations thereof. Somewhere along the 
line the design engineer must call a halt to his library and 
catalog research—he simply can’t absorb (or the budget 
can’t afford) any more. 

In a sense this is a human problem and, depending 
on their personality, men react in two ways. 

The conscientious designer leaves no stone unturned 
in his search for the best for his project. As a result he 
may never finish. The more realistic and impatient de 
signer throws up his hands in frustration and forces himself 
into a choice he may regret. 

And it’s not just a question of what is technically best. 
You have the compromising factor of cost to consider 
and cost today need not be the same as cost a year from 
now when production starts. Prices of the newer materials 
particularly are bound to change greatly as larger produc- 
tion or better manufacturing techniques are perfected. 
Polypropylene, for example, was a good bet. The price 
dropped satisfyingly as new producers appeared. But not 
all new materials are as accommodating. 


Consumer Complications 


When struggling with his compromise between cost and 
quality, the designer must remember that similar problems 
of choice face the consumer. Our high standard of living 
supports many manufacturers of technically equivalent 
products and so the purchaser of a TV set, a refrigerator, a 
vacuum cleaner, is faced with dozens of different “lines” in 
dozens of size or price ranges. 

Sometimes consumer frustration results in impulse buy 
ing—or buying for strictly emotional reasons. This puts 
major emphasis on the industrial and package designer’s 
job. Other times the consumer refuses to buy—preferring 
the familiar hand-operated can opener or egg beater to its 
complicated (and expensive) electrically powered brother. 

Consumers are more size-conscious than ever before. 
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Miniaturization started with the at-any-cost work for de 
fense and astronautics but industry has taken the initiative 
now with the result that printed circuits, thermoelectricity, 
semiconductors, and fuel cells are appearing on the depart 
ment store counters almost before they get off the ground 
in the latest experimental military hardware 

Reliability—a relatively new term for engineers—refer 
to something that was easily controlled by the operator 
at the machine that made manual can openers. Today it 
is much more important and less easily controlled by the 
designer of the motorized opener. The modern appliance 
has bearings and gears to keep clean, an electric switch 
with a limited life, and a magnetic lid holder not to men 
tion assembly tolerances with all these components 

Automated production lines are a help—the designer 
needn’t worry about fallible human eye and hand. But 
automation brings its own problems. What we thought 
of as mass production 20 years ago is beggared by today’s 
production lines. Single design decisions influence hun 
dreds of thousands of dollars in capital investment, and as 
much or more in finished products. And then decisions 
must be made long before consumer reactions clearly indi 
cate their interest or disdain for the product 

So the designer is not just an engineer or market analyst, 
he must be something of an economist as well, or have 
an economist to advise him. Operations Research is the 
name given to this whole area of system management and 
is a mathematical tool it came just in time. 

Another result of automatic production in high volume 
is the modification of the old form-follows-function dogma 
New production methods also modify form, and quite dis 
tinctly at times. Manufacturers of production equipment 
for turning, forging, spinning and stretching no longer 
sell equipment—they sell specialized knowledge and ad 
vice 


What trade will do to design 


Increased competition for world markets is already upon 
us—and price is not the only advantage foreign manufac- 
turers have. In the US we tend toward elaborate design 
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and this shows up as less reliable, less maintainable and, of 
course, less economical products. 

We're blind to many opportunities in world markets 
because we forget how advanced our living standard really 
is. For example, the design of a cooking device for rela- 
tively primitive markets would be a trying task for many 
American designers. However, designers in countries not 
so far up the technological scale may fare much better. 
Only when the whole world has satisfied the basic necessi- 
ties of food, shelter and clothing can our more sophisti- 
cated consumer products be made desirable—but by then 
many nations will have designers of that level of sophistica- 
thon 

Perhaps, eventually, different countries will specialize 
in components as well as products. We already import 
tools and dies, vacuum tubes, fasteners and many raw 
materials for domestically manufactured products. We 
export many automobile parts. lumber and chemicals. If 
the trend continues (and Europe’s Common Market 
should accelerate it) where do we stand? What would ow 
specialty be? 

We're strong in agricultural and mining equipment, in 
communication systems and automatic control, in medical 
equipment, in nuclear products, in chemical products and 
food processing equipment. Most of our strength is in the 
diversity of products we offer. We are a rich market with a 
lot of industrial capital to spend. Perhaps we will be lik 
a large department store competing with many specialty 


sh« DS 


The conservative tomorrow 


We'll and _ standardization- 
with the emphasis on international trade we can expect 
a stronger, more influential International Standards Organi 


have more standards ind 


zation. For the more distant future, and with much groan- 
ing, there will be final acceptance of a uniform system of 
units in dimensions and weights. And it is likely to be a 
metric system. 

Government bodies—federal, state, and local 
more and more ordinances affecting design 
is the most recent example). 

Design conservatism is the other side of the standardiza- 
tion coin. Manufacturers are afraid to leave the traditional 
“How will the purchaser know it’s a vacuum 
cleaner if it doesn’t look like a vacuum cleaner?”). The 
price for pioneering will remain high (or go higher) so 
proven designs with well-established costs will tend to 
prevail. But manufacturers are not the only conservatives 
The consumer of the future is likely to be even more con- 
cerned with personal security than he is today, and it may 
be impossible to lure him away from the familiar form of, 
say, a television set 


—will pass 
smog control 


forms 


All this seems like a gloomy prediction for the future 
of originality. But when the world’s demands for basic 
products are satisfied, the small-quantity, high-quality 
manufacturer will take on more importance. He will be 
wriginal, but he will produce superbly made, if relatively 
expensive, products. The return of craftsmanship (and 
we see movement in this direction already in products for 
the so-called leisure market) is a heartening sign. 

In the more distant future perhaps the necessities of life 
and these “necessities” will be far more inclusive than 
those we know today) will be made by the automatic fac 
and everyone will be able to afford at 
will be hand crafted (in well-equipped 
in small quantities. Thus, the optimum “big” will 


tory. The luxuries 
least some luxuries 
shops 
be complemented by the valuable “small.” 


There’s nothing wrong with this that I can see a 





TENSILE TESTS AT —450 F 
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ure diameter 


In operation, the specimen is first brought to 
1 at a constant rate 


is held constant 


desired temperat 


and load is then appliec Stress and strain are 1 


3 ‘ 
while temperature Preliminary tests have be 


‘ 
on stainless, titanium, copper and aluminum—promising much 


design data for cryogenic service 
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“ALCOA ALUMINUM SCREW MACHINE STOCK 
ALLOY 6061... FOR VERSATILITY!” 


Precision-made, high-volume screw machine parts cost 
less in aluminum 

Here’s versatility! Aleoa Alloy 6061-T6 or -T651, be- 
ing lightweight aluminum, gives you three times more 
parts per pound than other, heavier metals. And this 
alloy gives superior finishes . . . can be joined easily by 
welding, brazing or soldering . . . may be anodized in a 
wide variety of colors . . . stands up to service under 
corrosive conditions! Machining speed, light weight and 
end-use adaptability . . . all add up to faster production, 
lower machining costs, higher profits. 

Want to make cost conversions from brass to alumi- 
num and compute costs quickly? Ask your Alcoa dis- 
tributor or Alcoa sales office for ycur free Alcoa Conver- 
sion Calculator, Get your free Alcoa Screw Machine 
Stock Estimating and Operating Data Book, too... 
packed with technical data on aluminum screw machine 
stock. And ask about other Alcoa alloys: 2011-T3 or 
-T8 for superb machinability and still faster cutting, 
2017-T4 or -T451 and 2024-T4 or -T351 for strength at 
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low cost. Aluminum Company of America, 841-F Alcoa 
Building, Pittsburgh 19, Pa. 


AS AN ALCOA CUSTOMER, YOU GET ALL THESE 
“EXTRA BONUSES”: 


Wide range of stock sizes for important price advantages. 
Guaranteed market for up to 60 per cent of your Alcoa® 
Aluminum turnings and borings. 

Extensive mill and distributor inventories to meet all 
requirements. 

Chamfered ends at no extra cost. 

Specific 12-ft lengths at no extra cost (for rounds up to 
2%, in.; hexagons up to 2 in.). 


ALUMINUM 


SCREW MACHINE STOCK 
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G Escapement Mechanisms 


FEDERICO STRASSER, Monkowitz & Strasser 
Santiago, Chile 


E. ipements, a familiar part of watches and clock 
can also be put to work in various control devices, 
ind for the same purpose—to interrupt the motion 
of a gear train at regular intervals 

Each escapement shown here contains an energy 
ibsorber. Whether balance wheel or pendulum, it 
illows me gear train to advance one tooth at a time, 
locking the wheel momentarily after each half-cycle. 
Raney 4 from the escape wheel is transferred to the 
escapement by the advancing teeth, which push 
wwainst the locking surface 

Seven more escapement systems will be illustrated 
in a forthcoming i 


-_e_— 


Pendulum 


/mpu/se 
/mpu/se surfoce 
surfoce 


ANCHOR—RECOIL. As pendulum swings to 
one side, pallet engages tooth of escape wheel. 
When wheel is gripped, it recoils slightly. Pen- 
dulum starts in opposite direction by push of 
wheel transmitted through pallet. As pendulum 
swings to other side, the other pallet engages 
escape-wheel tooth, recoils, and repeats cycle. 
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Impulse surfoce 


AR 
—4— 


PST 


seh 


Crown 
escape 


whee/ of 


4 VERGE. Pallets are alternately lifted and 
cleared by diametrically opposed teeth on escape 
wheel, thus rocking balance shaft. One pallet 
or the other is always in contact with a tooth of 
the escape wheel 


Pallets 


< /mpulse 
~— surface 
Le 


a) 


3 ANCHOR—DEAD BEAT. For greater accuracy 
recoil escapement is modified by changing angle 
of impulse surfaces of pallets and teeth so that 
recoil is eliminated. The teeth of escape wheel 
fall “dead” upon pallets; as pendulum completes 
its swing, escape wheel does not turn backward 


yntinued on page 6 
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OSL 
VALVES 








Hydraulic pressure 
to 1000 psi 

Sizes 4", Ye", 

Va", ¥," 
Temperatures 

to 250°F 


Air, Oil, water 
operation to 250 psi 
Sizes 4", %e", 

yy", 3," 
Temperatures 

to 250°F 


FOR AIR « OIL ¢ WATER ¢ OTHER FLUIDS 


EGULATING cylinder speeds or controlling fluid flow of air, oil 

or water is so simple with Hanna Flo-Set Valves . . . you need 
only turn the valve body one revolution to adjust from zero to 
full pipe capacity. Micrometer-type graduations are nurabered to 
indicate the percentage of pipe capacity. Once set, the position 
can be locked to avoid accidental change. Future resetting to a 
predetermined flow requires no guesswork. 

Hanna Flo-Set Valves allow full flow in one direction—con- 
trolled flow in the opposite. Used in pairs, they regulate independ- 
ently cylinder instroke and outstroke speeds. Hanna Flo-Set 
Valves assure uniform speed, smoother action and improved per- 
formance of cushioned and non-cushioned cylinders. 

Valve sizes are 4", %”, %”, and %”...a%” Jr. model, without 
graduations or locking collar, is available for light piping 
and tubing. 

Whatever your problem of precision fluid control may be—you 
will find the best answer in Hanna Flo-Set Valves—designed, built 
and guaranteed by Hanna’s 50 years of experience in hydraulics 
and pneumatics. 


OTHER HANNA VALVES WRITE FOR LITERATURE AND COMPLETE DETAILS, 


include solenoid, pilot, hand 


or consult your classified telephone directory or Thomas’ 
Register for your nearest Hanna representative. 


and foot operated types 


c) 
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HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS... VALVES 


1751 Elston Avenve Chicago 22, Illinois 

















PRODUCT 
ENGINEERING 




















orm 
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“s j mpytse surface 
y. ore A 
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ae 
y 
lo) 


9 
i. Impulse surfoce 


Escape /  olote 8 
wheel f 


DESIGN FILE 


Se a ee + 


4 PIN WHEEL. Pallet A is about to unlock escape 5S LANTERN WHEEL. Escape wheel is stopped 
‘wheel. Pin will give a push to pallet A while slid- when pin hits plate A of pallet, attached to rock 
ing down impulse surface. As pendulum continues ing arm. As arm swings to right, pin pushes against 
to swing, pallet B will stop pin, thus locking escape impulse surface of plate until pin is clear. Uscape 
wheel. After pendulum reverses direction and wheel then turns freely until pin is stopped by 
swings toward dead center, pallet B releases wheel plate B of pallet. Arm starts back toward left, re- 
and receives an impulse from pin ceiving impulse from pin until latter clears plate 


/ __ SBalance 
' hdl whee/ 
. 


; 


/mpu/sé 
surface 


6 MUDGE’S LEVER. balan wheel swings coun 
terclockwise (1), the ruby pin enters fork of lever 
and pushes it to the right he lever releases 
tooth of escape wheel, which starts turning and 
gives a tiny push (2) to impulse surface of pallet A 
This is transmitted to balance wheel through fork 
and ruby pin falance wheel continues rotating 

Ruby pin counterclockwise (3) while lever swings to right 


; 


and pallet B stops the escape wheel by engaging 


. 4a fork tooth ‘Whe n balance wheel reaches its hairspring’s 

— limit, it reverses direction and re-enters fork (4) 
Ruby pin pushes lever to left, and receives impulse 

when escape wheel starts to move. Balance wheel 


continues clockwise until it reaches opposite limit 
of its hairspring. Lever continues moving to left 


until it again stops escape wheel (5) and awaits 
return of ruby pin. Another view of Mudge’s lever 
is given in (6). This escapement is very precise 
because of the small portion of each half-cycle that 
escape wheel and balance wheel are in contact 
Friction drag is at a minimum 
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HERE'S 
HOW STILL 
ANOTHER 

MANUFACTURER 

JOINS 

STAINLESS 
STEEL 
TUBING: 


He uses 
Handy & Harman’s 
BRAZE 630 


He’s one of many manufac- 
turers and fabricators who have 
found—to their lasting satisfac- 
tion—that Handy & Harman 

| silver alloy brazing is the final 
answer to stainless steel joining 
problems. 

Super-Donic Manufacturing Company, Atlanta, Georgia, manu- 
factures ‘‘Dual Arm Transmissions” for the dental industry. Most 
everybody has—at one time or another—seen and/or felt this unit 
in operation. 

It is fabricated of small diameter 304 and 316 stainless steel 
tubing and, in its assembled form, consists of some 17 separate 
brazed joints. Joints must be strong, corrosion resistant and 
neat-appearing. 





Each of the 17 joints is hand-torch brazed with 
Handy & Harman BRAZE 630 wire and HANDY FLUX 
TYPE B-1. There’s no question that this is a unique 
application. There’s no question, either, that the 
application is stainless steel. The ease and economy 
with which this manufacturer solves his problems 
can be just as readily applied to your stainless steel 
joining problems. 

Strength, production speed, electrical and thermal 
conductivity, gas and liquid tightness and low cost 
are natural benefits of silver alloy brazing. We think 
it worth your while to learn more about this re- 
markable metal-joining method—we’ll be glad to 
send you any information you ask for. Handy & 
Harman, 82 Fulton St., New York 38, N.Y. 


FOR A GOOD START: Your No.1! Source of Supply and Authority on Brazing Alloys Offices and Pients 


BULLETIN 20 


This informative booklet gives a } 
good picture of silver brazing and 


alloys, heating methods, joint de- 


Bridgeport, Conn 

icago, Ill. 

Cleveland, Ohio 
Dallas, Texas 
Detroit, Mich. 


Providence, R. 


its benefits . .. includes details on vd HAN DY & HARMAN New York, N. Ys 


sign and production techniques. 


i. 
General Offices: 82 Fulton St., New York 38, N.Y. San Francisco, Calif 


Montreal, Ca 


Write for your copy. DISTRIBUTORS IN PRINCIPAL CITIES Toronte, Canada 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


CROSS OVER RELIEF Parallel-circuit, 
directional-control valves . . . 
are said to improve back-pressure characteristics b 
ind to increase system efficiency over company 
line of valves. Through-passages have been enlarged 
dimensions reduced, and sharp angles in flow 
eliminated. Valves have nominal ratings 
5 gpm, and 2000-psi system press 
flow metering results from exponential 
spool lands. Working sections in line } 
control functions in single- and doubk 

four-way, three-position units; double 

four- and five-position models; and 

four-way, four-position type Available 

spring-return to neutral or detent 

PORT OVERLOAD return to neutral. In addition to pri i ; 

POSITIVE-HOLD CHECK RELIEF directional-control valves, line also offers ossover relief 


valves (one or two), overload-port relief val\ pilot 
port checks, anticavitation checks, and flov 


ill of which can be built into working sectio1 ll models 








ontinue to provide no-load holding check feature. Said to be 











same price as company’s TB line Delivery, about 3 to 4 wk 
Commercial Shearing & Stamping Co, Youngstown, Ohi 
Circle 300 on Reader Service Card 









































Elastic, flexible wire i a 
in single and multi t 
up to six ¢ 
to 300% in 
mercial types consist of 
Variable-capacity rotary pumps . . . = a eg ry : 

anc insul ce VIL 


control variations in flow instantly by ion and rack to rotate pump liner to vary 


graduated dial, which can be turned man umount of liquid flow. Pump can be 
powered with any standard-speed motor 
Flow can also be reversed while in opera 
changing pump speed. Dial operates pin tioa by dialing. Currently offered in 2 


ually or automatically. Flow rates from 


zero to full capacity can be dialed without 


3- and 4-in. sizes to provide capacities up 

to 450 gpm. Handle liquids up to 85,000 

SSU and operate at max differential pres Five vat 
sure of 100 psi. Four pumps are offered commerci 
in each of three sizes. Two are of external, of about 2 

ballbearing type, with mechanical seals; tary types for 

two are packing-gland pumps for higher und 1 ohm per 
temperatures and viscosities. Pumps are silicon-rubb« 
particularly suited for applications where tures of 

hange in flow rate is required to meet types operate in temp 
varying delivery conditions; where change 185 F. Complet 

in flow rate is necessary to meet varying incorporating sp¢ 
liquid condition, such as viscosity; for parts and 
liquid proportioning, where one or more tions. Suitable for movable parts that 
units are combined into system. Blackmer juire electricity. National Radio Co Inc, 
Pump Co, Grand Rapids 9, Mich. 37 Washington St, Melrose 76, Mass. 


Circle 301 on Reader Service Card Circle 302 on Reader Service Card 


custom 
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COMPONENTS « MATERIALS « PROCESSES 





ad 


Air-damping dashpot. . . 

can be used to control system-stabilization, 
vibration-damping and time-delay. Unit, 
constructed of graphitized carbon piston 
and low-expansion glass cylinder, weighs 
than 1 oz. These are ground and 
fitted to tolerances of 0.0001 in. Standard 
dashpot provides equal damping in two 


less 


directions, useful where application does 
not require fast reset time. Other models 
are capable of one-way damping. In each 
case, damping is adjustable with screw 
driver or can be factory-set. Once 
calibration is reported to be maintained 
throughout millions of cycles under ad 
verse conditions of temperature, humidity, 
shock and corrosive atmosphere. Electric 
Regulator Corp, Pearl St, Norwalk, Conn. 

Circle 303 on Reader Service Card 


set, 


te = 
= 


~ 


Three pumping elements . . . 
that can be built into housing of any 
mechanism requiring a pumping function 
are said to eliminate purchase of complet 
pumps. In principle, a gear pump, innet 
and outer rotating elements, and eccentri 
locator-ring become complete pump by 
through-boring casting or frame of mech 
anism to accommodate OD of locator-ring 
and by providing porting. Handles variety 
of fluids at rates up to 100 gpm and pres 
sures up to 1000 psi. Positive-displacement 
pump delivers predetermined amount of 
fluid in direct proportion to speed. W H 
Nichols Co, Waltham, Mass. 

Circle 304 on Reader Service Card 


Solenoid-operated valve. . . 

can be used for metering, sampling or on 
off control in applications involving corro 
sive fluids, slurries, dry powder or sanitary 
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products 
shutoff 
tions 


Said to be capable of gastight 


under vacuum or pressure condi 
Valve consists of rubber body that 
is pinched closed by spring-loaded solenoid 
mechanism. There are no moving parts in 
fluid stream and no seats, disks or pack 
Normally 


can be operated manually or 


ing glands closed, energized-to 


open valve 
auto 
Standard 
bodies have max pressure rating of up to 
Standard 

Available in 
Weighs 4.5 Ib 

ID of bodies 
respond to OD of standard metal tub 
RKL Controls Inc, 
Park, 


from programers, alarms, timers or 


matic sensing instruments 


50 psi for smallest size max 
temperature rating is 180 | 
sizes from 1/16 to | in 
Measures 24 x 7} x 34 in 
ing within this range 
Hainesport Industrial 


NJ. 


Hainesport, 
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Self-aligning slides . . . 

automatically adjust to fit misaligned chas 
sis and cabinets. 
slide need to shim 
Meet military specifications for material 


Self-aligning flat-groove 
is said to eliminate 


and finish. Load ratings are same as those 
for regular slides produced by Grant 
Grant Pulley & Hardware Corp, High St, 
W Nyack, NY. 

Circle 306 on Reader Service Card 


Miniature mercury switch . . . 

4 in. long max and 0.)62 in. dia. Has 
Switching action is SPST; 
differential angle is 15°. Ac and de load 
at 115 v and 230 v is 0.1 amp. Although 
initially developed as reversing switch for 


amp rating 


motor clutch in portable device, minia 


continued 


ti h is suited for such applications 


1s miniature on-off switch, paging devi 

switching requiring slight force, or appli 
itions that have low-load, lightweight 

space factor. Gordos Corp, 250 Glenwood 


Ave, Bloomfield, NJ. 
Circle 307 on Reader Service Card 


Square-end double cylinders 
for hydraulic and pneumatic service hav: 
that 
eleration of piston 


is said to achiev 
Dimensi 
illy interchangeable cylinders are reported 
to meet JIC rec 


De sirec 
amount of cushioning 1s 


two-stage ushion 


smooth de 


ymmendation 
attainable by turn 
Full floating 
and smooth 
of ball 


ing adjusting needle valve 
ushion makes possible rapid 
of piston rod without use 


Available in 
4 5. 


1 ly ance 


and 6 


; 


sure 1s to 29U 
to 1006 
700 psi through 5-in. bore; to 601 
Thirteen m nti 


models a at 


or oil service, 


-in. bore 
les are offered. Ai 
for temperatures to 212 F; oil 
Z F. Mead Specialties Co, Dept SH-44 
4114 N Knox Ave, Chicago 41. 
Circle 308 on Reader Service Card 


models t 








Adjustable unloading valve... 
diverts full pump to reservoir automatically 


vhen system pressure reaches preset point 
Used in accumulator and high-low circuit 
x for venting large relief valves, valve of 
fers 5 to 20% adjustable differential b« 
tween load and unload pressures, and slid 
ng spool that will not stop half-way. Has 
built-in check valve and internal pilot that 


> 
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STEEL CONNECTING ROD ASSEMBLY 


ALUMINUM CONNECTING ROD ASSEMBLY 


Both of these connecting rods were designed for use in the same automotive air conditioning compressor 


WHICH CONNECTING ROD COSTS LESS ? 


One glance tells you it’s the aluminum connecting rod 


at the right. Two pieces are easier and less expensive 
to fabricate than five. 

By designing this connecting rod as a Kaiser Alumi- 
num forging, Lennox Tool & Machine Builders of Lima, 
Ohio, cut costs for their customer, Airtemp Division, 
Chrysler Corporation. 

The steel connecting rod formerly used required five 
different pieces, including three bronze inserts for wrist 
pin and crankshaft bearings, plus two connecting rod 
bolts. Plenty of precision machining was also required. 

The new aluminum connecting rod consists of only 


two pieces, plus the two connecting rod bolts. For this 


THE BRIGHT STAR OF METALS 


*;RADEMARK HACER ALUMINUM & CHEMICAL CORP. 
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part, the forging itself was bored to provide a hard 
mirror-finish surface for wrist pin and crankshaft bear- 
ings, thus elirinating the three bronze inserts. 

Strength? The aluminum forging meets every 
strength and dimensional stability requirement speci- 
fied for the compressor application. In fact, the life 
expectancy of forged aluminum rods and steel rods 
with bronze insert is virtually the same! 

This is another example of how strong, lightweight 
Kaiser Aluminum forgings can simplify design and cut 
material, machining and assembly costs. To find out 
how Kaiser Aluminum forgings can save you money, 


mail the coupon now! 


Kaiser Aluminum & Chemical Sales, inc. 
Dept. FO-124P, Kaiser Center : 
300 Lakeside Drive, Oakland 12, Calif. 


Please send me the latest aluminum forgings design packet 
describing the many advantages of aluminum forgings for 
commercial use. 


a 
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CONVAIR- 
ASTRONAUTICS § 


For complete infor- 
mation on  iridite, 
contact your Allied 
Field Engineer. He's 
listed under “Plating 
Supplies” in the 
yellow pages. Or, 
write for FREE TECH- 
NICAL DATA FILES. 


for 
protection 
on light 
metals 


PROCESS ENGINEERED 
CHROMATE CONVERSION COATINGS 


Iridite protects against high altitude 
weather extremes and against corro- 
sion by hydrocarbon fuels, such as 
gasoline and kerosene. 

2 Iridite provides a highly protective 
non-porous paint base. 
Iridite protects against corrosive 
storage conditions. 


LOCKHEED ELECTRA 


ar a on sce 
2 i 


And, Iridite gives you these 
additional advantages: 


ON ALUMINUM—needs only normal pre- 
cleaning. Film withstands coid forming 
or bending. Easily heliarc welded. 
Unusually low electrical resistance. Clear, 
yellow or dye-colored finishes. 


ON MAGNESIUM—short immersion, room 
temperature solution, no electrical equip- 
ment. Corrosion protection relatively 
unaffected by high drying temperatures. 
Applicable to all alloys. Low electrical 
resistance. Color ranges from light gray 
to dark brown. 





RIDITE—a specialized line of chromate 
conversion coatings for non-ferrous 
metals. Easily applied at room tem- 
peratures with short immersion, man- 
ually or with automatic equipment. 
Forms a thin film which becomes an 
integral part of the metal. Cannot 
chip, flake or peel; special equipment, 
exhaust systems or highly trained 
personnel not required. 











tridite is approved under government 
and industrial specifications. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET « BALTIMORE 5, MARYLAND 
BRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 
West Coast Licenses for Process Chemicals: | H. Butcher Co. 

European Agent. Sture Gronberger, Storgaton 10, Stockholm, Seeden 


Chemical and Electrochemco! Processes, Anodes, Rectifiers, Equipment and Supphes for Meto! Finshing 


—) cc eee e°| ) WAGNER ) 
Coatings Brighteners Supplies Equipment 


Chromeotes 
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eliminates extra piping. Rated for 800 to 
3000 psi unload pressure range and max 
pilot pressure up to 5000 psi. Measures 
5 x 44 x 14 in. Available from stock with 
}-in. SAE ports. Fluid Controls Inc, Box 
186, Mentor, Ohio. 

Circle 309 on Reader Service Card 


Reversible, self-locking nut 
has internal locking ring that can be used 
either side up for automatic assembly 
For standard applications, fastener is made 
with internal locking ring of Delrin or 
polypropylene, both of which are flexible, 
resilient materials. For high-temperatures, 
nut is made with internal, spring-steel lock 
ing ring. To be available in Sept in all 
standard and commercial sizes. Jacobson 
Nut Mfg Corp, Box 177, Kenilworth, NJ. 
Circle 310 on Reader Service Card 


Aluminum-covered wire and 
strand... 


} 


is produced by controlled atomic-weld 


process that achieves a ductile and perma 
nent weld between steel core and thick 
cladding of pure aluminum. Cladding 
metal is applied in powdered form to « 
while latter is being moved under tension 
ompacting cladding metal. Compared 
with solid aluminum wire, it has equal 
yne-third conductivity and eight tim 
strength. Compared to steel wit 
high tensile strength, but f 
s higher conductance and is said t 
longer. Copperweld Steel Co, Pitts 
burgh 19. 
Circle 311 on Reader Service Card 


Controlled-voltage device .. . 
ncorporated into circuit using linear va 
ible differential transformers, can be 

is zero adjust or for zero suppression of 


part of primary signa section 


| 
portions of input signal can thereby 
expanded to read full scale. Instrument 
may also be used as control-point-setting 
device ilibrated to operate at any de 
ired value of input variable and as nu! 
balance device in conjunction with va 
m-tube voltmeter to make simple man 
ual null-balance measuring system. Mi 
rometer reference transformer consists of 


continued on page 76 
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Specify the 


With Extras ... At No Extra Cost # eas 
META PISTON ROD SCRAPER—pro- 


ts rod packing. cylinder bor 
nd rod surface by removing all 


reign particles 


NEW SUPER ‘ . 0 tor air or 
METALLI SELF-AIL MASTER 
CUSHION for oil 


HARD CHROME PLATED CYLINDER 


RES AND PISTON RODS for greater 


tection and reduced wear 


INE PIECE PISTON assures better 
ilignment, longer bearing and pack- 


ng life 


FORGED SOLID STEEL HEADS through- 
vut entire line. 


PILOTED PACKING GLAND with extra 
long bearing for additional strength 
und support to piston rod. 


NO TIE-RODS TO STRETCH gives 
ou 360° port rotation . less 
space used . full strength. 


STREAMLINED DESIGN .. . operating 


pressures to 200 PSI, air; 1,000 
PSI oil, non-shock. 
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You too—can reduce replacement expenditures 

lower maintenance costs with the T-J Space- 
maker cylinder line. Designed and engineered 
for ruggedness, and accuracy of operation, the 
Spacemaker assures longer, uninterrupted 
operation. 


The T-J Spacemaker eliminates tie-rods, gives 
greater strength, saves space ...and reduces 
costs in all push-pull operations. Immediate de- 
livery in a complete range of styles and capac- 
ities ...air or oil. Write for Bulletin SM 155-4, 
today. The Tomkins-Johnson Company, Jackson, 
Michigan. 


TOMKINS-JOHNSO 


AiR AND HYDRAULIC CYLINDER TTE® HORS 
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wD Spacomaker 


for longer, more efficient cylinder service 
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THESE 13 SPECIAL ALLOYS FROM 


can help you solve design problems .. . 


As the result of the knowledge gained over the years by working closely with hundreds 
of customers in helping solve innumerable design and production problems, the Mueller 
Brass Co. has developed a series of special alloys for use in tough or unusual applications. 


This group of special alloys, each having distinct characteristics and advantages, are 
available in rod form in many sizes and shapes as well as forgings. 





CHARACTERISTICS AND APPLICATIONS 


ALLOY 
NO. 





“Tuf-Stuf" Aluminum Bronze 


“Tuf-Stuf" Aluminum Bronze 


BRINELL 
1000 KG load 
165 
BRINELL 
1000 KG load 
175 





“Tuf-Stuf" Aluminum Bronze 


BRINELL 
1000 KG load 
185 





“Tuf-Stuf" Aluminum Bronze 


BRINELL 
1000 KG load 
200 





“Tuf-Stuf" Nickel Aluminum Bronze 


BRINELL 
3000 KG load 
250 





Aluminum Silicon Bronze 


ROCKWELL-B 
75 





Forgeable Bearing Alloy 


ROCKWELL-B 
88 





Forgeable Bearing Alloy 


ROCK WELL-B 
87 





Leaded Forgeable Bearing Alloy 


ROCKWELL-B 
87 





High Leaded Forgeable Bearing Alloy 


ROCKWELL-B 
86 





Low Leaded Forgeable Bearing Alloy 


ROCKWELL-B 
80 





Manganese Bronze A 


ROCKWELL-B 
85 





Manganese Bronze High Tensile Grade B 


BRINELL 
1000 KG load 
200 








thermal conductivity combined with good corrosion 
resistance and machinability. Excellent for electronic 








Tellurium Copper 





ROCKWELL-B 
45 





NOTE: The values shown ore average values normally obtained in production. Variations must be expected 
in practice. The volves should be used as a general guide rather than the basis for specifications. 





DEPENDABLE FOR 


SINTEEL® POWDERED METAL PARTS 


SOURCE 


ONE 


COLD-PREST® IMPACT EXTRUSIONS 
FORMED COPPER TUBE 


MUELLER BRASS CO. 
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THE MUELLER sarass co. 


lower costs and improve your products 


Mueller Brass Co. engineers and metallurgists are always ready to assist in the selection of 
the proper alloy for your particular product. 
Regardless of your responsibility. ..design, specification, production or purchasing... Mueller 


Brass Co. special alloys can help you lower costs and improve your products. Call the “Man 
From Mueller Brass Co.” today and put these remarkable alloys to work on your toughest jobs. 





Tensile 


Strength 
Lbs./Sq. In. 









































For further information on these alloys 
write today for Special Alloys Kit No. 
13. Engineering information on other 
fabricated products is also available . . . 
please specify the manual you desire. 




















ALL THESE QUALITY PRODUCTS 


op 
—— 2» 
Ce) 


CUSTOM EXTRUDED PLASTIC SHAPES 
SAND CASTINGS AND INJECTION MOLDINGS 


PORT HURON 29, MICHIGAN 
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Paralyzing, deadly cold — yet Allen 
safeguards men and machines in a warm 


blanket of protection 


Allen complete winterization systems, custom-made for 
any type of equipment, will meet all military specifica- 
tions. Weather-wise engineers can work out the solution 
to the toughest way-below-zero problems — assuring 
prompt starts, efficient operation and personnel comfort. 


Ask us to submit a field-tested system for your product. 


ALLEN INDUSTRIAL PRODUCTS, INC. 
Affiliate of Stolper Steel Products Corporation 
354 Pilgrim Road 
Menomonee Falls (Milwaukee District), Wisconsin 








INVESTMENT FOR HIRE 


You save money and time by having 
Stolper produce your sheet metal 
parts and assemblies. Without capi- 
tal investment, you can employ di- 
versified facilities — creative design, 
ingenious engineering, reliable pro 
duction. See for yourself — write 


soon 


STOLPER STEEL PRODUCTS CORPORATION 


306 Pilgrim Road 
MENOMONEE FALLS (Milwaukee District), WISCONSIN 
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aluminum frame and micrometer anvil rod 
to which is mounted core of linear variabl 

differential transformer Units include 
lial for indication of shaft pos 
transformer adjustment. Op 

p to 200 F. Has resolution of 

in. Schaevitz Engineering, Rt 

130 at Schaevitz Blvd, Pennsauken, NJ. 

Circle 312 on Reader Service Card 


Miniature speed control. . . 
ontains solid-state amplifier mot 
gear train and potentiometer tch com 
bination that is 4 in. long. Packag 
measures 14 x 14 x 3 in. Pot has four elk 
trically isolated wipers spaced 9 apart, a 
ntacting same coil. Switch has fe 
wipers riding on alternately ynducting 
and nonconducting surfa Speed is di 
rectly proportional to de signals. Spectrol 
Electronics Corp, 1704 S Del Mar Ave, 
San Gabriel, Calif. 
Circle 313 on Reader Service Card 





Sealed subminiature switch... 
operates in temperatures of —65 to 250 | 
SPDT switching unit is housed in sealed 
enclosure that has been evacuated an 
filled with inert gas. O-ring seal on actu 
ator shaft, glass-to-metal terminal seals and 
potted leadwire termination keep dust 
moisture or air out of switching chamber 
Ice-scraper ring removes ice or mud from 
actuator shaft. Plunger actuator or rotary 
linkage-lever actuator designs are availabk 
Electrical rating at 28 v de is 24 amp in 
rush, 7 amp resistive. Dimensions of 
plunger switch housing are 2 355 x 0.688 
in. dia. Weighs 2.5 oz without leadwires 
Micro Switch, Freeport, Il. 

Circle 314 on Reader Service Card 


Linear displacement 
transducers .. . 

provide electrical measurement of mechani 
cal phenomena with min transducer siz 
and weight. Based on differential-trans 


continued on page s 
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The New Torrington Heavy Duty Roller Bearing 


Key to Long Life... 
Roller Guidance Where It Counts! 


This sturdy flange-riding retainer in Torrington Heavy Duty Roller 
Bearings insures the highest degree of roller guidance where it’s 
most effective...at the roller ends along the pitch circle. You get 
outstanding service life through minimum internal friction, high 
roller stability and efficient lubrication. 

Controlled contour rollers prevent high end-stress concentrations. 
Careful heat treatment of the channel-shaped outer race insures 
high shock resistance. The Heavy Duty Roller Bearing has proved 
successful under unusual conditions of deflection or misalignment. 
Torrington Heavy Duty Roller Bearings are giving longer life in such 
difficult applications as two-cycle engines, hydraulic pumps, oil- 
field equipment, sheaves and transmissions. For design and appli- 
cation assistance on the Heavy Duty Roller Bearing—and every basic 
type of anti-friction bearing—call your Torrington District Engineer. 
























































END-GUIDED ROLLERS — sturdy re- 
tainer guides rollers at ends—at 
roller pitch circle, reducing stress on 
retainer, assuring effective guidance 
ond minimum internal friction. 


UNIFORM LOADING —Torrington 
controlled contour rollers eliminate 
stress concentration at roller ends. 
End-stress pattern of unrelieved cy- 
lindrical rollers is shown in black 
outline. Area in gray shows uniform 
loading over entire contact length of 
Torrington rollers. 


AMPLE LUBRICANT STORAGE AREA 
is provided by the retainer design, 
which also allows unrestricted flow 
of lubricant within the bearing. 








progress through precision TORRINGTON BEARIN cs 





THE TORRINGTON COMPANY 


PRODUCT ENGINEERING - JUNE 13, 1960 


CIRCLE 77 ON READER SERVICE CARD 


Torrington, Conn. * South Bend 21, indiana 


77 





Fr » 


CURTIS HELPS 
THIS SWITCH LIVE TO 
A RIPE OLD AGE 


Pad-mounted transformers for under- 
ground power distribution systems are 
built to last a lifetime. They require a 
minimum of maintenance. Settings are 
changed infrequently. But when a change 
is required, this switch must operate 
smoothly and surely. To insure a long, 
dependable life, without freeze-ups or 
rust-outs, the manufacturer equipped it 
with a Curtis C-646 1” O.D. Stainless 
Steel double universal joint. 

This kind of dependability is the stock- 
in-trade of Curtis joints — size for size 
the strongest universal joints designed 
for industry. Selected materials, precision 
engineering, continuous testing, inspec- 
tion and quality control at every stage 
of manufacture — these are some of the 
things that make Curtis joints your most 
dependable buy. 


14 SIZES ALWAYS IN STOCK 
3,” to 4” 


Not sold through distributors. Write or phone 
REpublic 7-0281 for latest catalog, free engi- 
neering data and price list. 


CURTIS 


UNIVERSAL JOINT CO., INC. 
116 Birnie Ave., Springfield 7, Mass. 


As near to you ongens telephone. Exclusive 
a manvutacturer of universal joints since 191 
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former principle, units offer resolution 
to 0.5 micron, linear ranges to +0.1 in., 
and are reported to avoid wear and noise 
problems of potentiometer-type trans 
ducers. Output is 3 milliv per 0.001 in 
Measures 1} x 4 in 
dia. Linearity is said to be 0.25%. Price 
is $120. Daytronic Corp, 225 S Jefferson 
St, Dayton 2, Ohio. 


Circle 315 on Reader Service Card 


per v of excitation 


Adjustable roller arm... 

on Type AW limit switches can be ad 
justed to any length between | and 4 in 
Arm length can be changed by loosening 
illen-head screw and sliding arm up 
Scale on side of arm is marked in 
Roller can be turned to 


down 
4-in. icrements 
inside or outside of arm and roller dia 
of 4 and | in. are available. Square D Co, 
4041 N Richards St, Milwaukee 12. 

Circle 316 on Reader Service Card 


Midget solenoid valve .. . 
provides automatic control of small flows 
of water or air. Available in wide range 
f voltages and solenoid types, valve is 
fered in angle or straight pattern. Oper 
ites over range of working pressures to 150 

Automatic Controls Div, Hays Mfg 
Co, 805 W 12th St, Erie, Penna. 


Circle 317 on Reader Service Card 


Silicon power rectifier .. . 

employing solid-stack construction, is said 
to deliver up to 900 amp in full-wave cir 
cuits. Solid-stack assembly is said to pro 
vide constant pressure between silicon cells 
und copper fins, minimizing local heating 
effects and providing optimum heat trans 
fer. Operates at up to 302 F ambient 
Assemblies are available for either forced 
or natural convection cooling and can be 
coated with multiple paint finish for oper 
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How to 
Tilak as 
equipment 
designs 


. +. Add a supplementary 
light and you might 
well have the answer 


Proper illumination of work areas is 
a necessity if operators are to get the 
most out of equipment. Stocker & Yale 
and O. C. White supplementary lights 
give the illumination they n . +» Clear, 
concentrated, high level, glare-free. And, 
too, these lights add a profitable selling 
feature at very little extra cost. 

There’s a Stocker & Yale or O. C. 
White Light just right for every require- 
ment: standard or a * fluorescent 
or incandescent * choice of arms, bases, 
switches, ballasts, reflectors * available 
with optically grcaund magnifiers * sealed 
units for protection against dust, oil, etc. 
* arms easily adjustable * advanced 
electrical and mechanical designs * high 
quality construction and manufacture. 


Engineering Assistance — on spe- 
cial applications, or where you have a 
problem, let our engineers provide the 
answers. 


©. C. White Lights distributed nationally by 
©. C. White Sales Co., Marblehead, Mass. 


STOCKER & YALE 


Lite-Mite Lights — O. C. White Lights 
Want [] Catalog of standard lights 
Details? () Special requirement outlined 

in letter 
Just clip to your letterhead, sign and mail to: 
STOCKER & YALE, INC., 46 Green St., 
Marblehead, Mass. 
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ation in abnormal atmospheric conditions 

Delivered assembled for wiring directly 

into circuit. Trans-Sil Corp, 55 Honeck 
St, Englewood, NJ. 

Circle 318 on Reader Service Card 


a 


Nut with helical-spring washer 
re permanently held together, but ar 
free to rotate when pressure is applied 
Helica ring washer is id to give high 
reacti inge and spring tension, resulting 
n in inciden f failure of 

semblies due t bolt stretch 

reep and near dimensional 

hange aused by rapid therma xpan 
ion oF ntract Reliance Div, Eaton 
Mfg Co, Massillon, Ohio 


Circle 319 on Reader Service Card 


Neon panel indicator light 
all-plastic light assembly, including bulb 
Available with or without resistors Ta 


ered lens protrudes 4-in. in 


front of panel 
for optimum light output. For use with 
\igh-brightness neon bulbs. Sloan Co, 
7704 San Fernando Rd, Sun Valley, Calif. 

Circle 320 on Reader Service Card 


Jewelled bearings 

absorb shock . 

ind protect equally against axial and radia 

10¢ Radial and axial pressure are th 

ume. Bearings are reported to make px 

sible higher precision, as pivot diameter 
t radius can be reduced, result 
s friction. Protection is still war 


1 when pivot point radius is 15 to 20 
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7 , | 7 
Adjustable D; ymerer ana OF: en 


THOMSON 


BALL BUSHING 





% 


LINEAR MOTIONS 


The BALL Bearing 
for all your 


Precision Series A’ and 


Low Cost Series ‘*B’’ BALL BUSHING 


Sliding linear motions are nearly always 
troublesome. Thousands of progressive 
engineers and designers have solved this 
problem by application of BALL BUSH- 
INGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any 
mechanism that is moved or shifted in a 
straight line. 

Improve your product! Up-date your 
design and performance with Thomson 
BALL BUSHINGS! 


Adjustable Diameter 
BALL BUSHING 


for Zero Clearance 





; Open BALL BUSHING 
P for Zero Clearance on 


Supported Shafts 





LOW FRICTION - ZERO SHAKE OR PLAY 
ELIMINATE BINDING AND CHATTER 
SOLVE SLIDING LUBRICATION PROBLEMS 
LONG LIFE - LASTING ALIGNMENT 


The various types cover a shaft diameter 
range of %”" to 4". Small sizes available 
in Stainless Steel. Write for literature and 
name Oj our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept. H, MANHASSET, NEW YORK 






of DuPont Nylon Ad 80 CASE 


Alsot Manufacturers of NYLINED Bearings ... Sleeve Bearings 
Hardened and Ground Steel Shafting 





FIREBIRD PRODUCTS 


for 
PLASMA SPRAYING 


New and exciting applications for 
NORTON FIREBIRD PRODUCTS are now 
possible. Commercial plasma spray 
equipment has extended the range of 
materials which can be utilized, so 
that now you can take advantage of 
the unusual and valuable properties 
of Borides, Carbides, and Nitrides in 
addition to Oxides as coatings. 

[hese materials are now available 
from Norton Company in powder 
form, sized specifically for the vari- 
ous types of commercial spray equip- 
ment used today. 

Investigate the possibilities of 
utilizing these high melting point 
products: their resistance to high 
temperature abrasion, erosion and 
corrosion and their electrical con- 
ductivity both as coatings and 
shapes fabricated by Plasma Spray- 
ing. 

Write Norton Company, Electro- 
Chemical Division, 225 New Bond 
Street, Worcester 6, Massachusetts. 


: Send for Bulletin, ' 
| “Norton Materials for Plasma | 
; Spray Coatings.” 


ELECTRO-CHEMICALS 


GIFTS OF THE FIREBIRD: compounds of silicon 
zirconium ¢ boron « aluminum « magnesium 
titanium « chromium « including many borides 


carbides « nitrides « oxides 


75 Years of... 
Making better products... 
to make your products better 
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microns and rotating mass is 250 to 300 
milligrams. Design incorporates tapered 
bushing and spring-loaded piston that au 
tomatically positions jewel in dead center 
when outside pressure is relieved. Foster 
Supplies Co, 6122 Milwaukee Ave, Chi- 
cago, 46. 

Circle 321 on Reader Service Card 


ee: a 
=. 


a 


Fluid-power pump .. . 
is reported to have constant volume 

put in five sizes ranging from 3 to 24 gpm 
Rated for 
2000 psi and at speeds to 


Available 


14, 13 and 2 in 


at 1200 rpm ontinuous-dut 


at pressures to 


2400 rpm 
4, 3,1, 13 


4 


n these gear widths 
Can be d 
[ype A SAI 
two-bolt and Type B SAE two- and four 
bolt shaft-end covers. All internal parts 


livered in round six-bolt, 


are machined from one common reference 
gear centerline. More than one pump, up 
to 4 in. total gear width, can be mounted 
in tandem. Volumetric and mechanical 
efficiencies rate over 90%. Commercial 
Shearing & Stamping Co, Youngstown, 
Ohio. 


Circle 322 on Reader Service Card 


Synthetic oil . . . 
is light-viscosity diester oil featuring pout 
point of below 105 F. Lubricant meets 
requirements of low starting and running 
torques over temperature range of 100 to 
250 F. Said to be compatible with ordi 
Available 
and gallon cans and 5 


nary lubricants in pint, quart 


or 55 gal drums 
Lehigh Chemical Co, Chestertown, Md. 
Circle 323 on Reader Service Card 


Cylinder Cap 
Tru-Seal 


Hole for 
Turning Bar 


Adjusting Screw 














Cap-end stroke adjustment . . . 
is available on all bore sizes of air and 
hydraulic Miller cylinders. Threaded ad 
justing screw with threaded fitting is de 
vice offered for adjustment of cylinder 
strokes. Adjusting screw is installed in cap 
Turning it clock 
wise causes it to enter cylinder bore wher 


end of power cylinder. 


olid stop t 


| liumut stroke to exact 


l'eflon-sealed 


thread fitting seals adjusting screw against 


length desired straight 


air or oil leakage from cylinder and kee 
adjusting screw locked in position. Miller 
Fluid Power Div, Flick-Reedy Corp, York 
and Thorndale Rds, Bensenville, Til. 
Circle 324 on Reader Service Card 


Xenon thyratrons .. . 
upable of handling up t 7 
ward and inverse voltages, at 
commutation factor, low 

rent and narrow, precisely 


range Use of xenon 


gas 
be drop (1l-v aver 
in ambient temper 
| Anode-current 
\-dc continuous; 12.8 A-d 
ind 80 amp oscillograph peak. Electrons 
Inc, 127 Sussex Ave, Newark 3, NJ. 
Circle 325 on Reader Service Card 


12-hr stopwatch .. . 
for panel-board and dash-board mounting 


incorporates heavy-duty components 


qualify it for industrial, mining, ov 


road, aircraft, marine and test-bench 
ice. Large, jumping hour-disk, full 


center-shaft minute register lumino 


11 } 
Diack face anc 


markings on nonreflective 
knurled turning bezel with large set mark 
facilitate 


require decimal data 


visibility. For applications that 


alternate dial fac« 
with extra peripheral divisions in 1/10 
Second 
face reads in production units per hour 


I 
50 to 2 I 


nin. is provided auxiliary 
required to 


produce a single unit. Accuracy is 


based upon time 
said t 
be within 4 sec per hr over 18-hr wind 
Mounting _ bolt 
1 11/16 in. Price is $52.50. Heuer Timer 
Corp, 441 Lexington Ave, New York 17 

Circle 326 on Reader Service Card 


center-line spacing 


All-purpose rust inhibitor . . . 
ompound is said to protect 
fabricated 


Preparation is combination of 


new metals 
parts, machinery and_ tools 
active ma 
terials dispersed in oil carrier bast In 
eredients are said to deeply 


peneti ite 


through existing corrosion to bare metal 
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Only VALCOR 
makes solenoid valves 








registered trademark. 


Now, from the company that pioneered the use of Nylon and PVC in solenoid valves for corrosive 
service, comes a solenoid valve with a molded body and diaphragm of Teflon that is chemically 
inert and corrosion-resistant to virtually any corrosive medium you are now using. 


Valcor solenoid valves made of all Teflon are ideal for critically corrosive applications and where long 
life is essential. They will outlast and outperform steel. Available in a variety of sizes and pressure 
ratings. Stocked for immediate delivery. Write today for complete technical data. 


VIA] /@ NALCOR ENGINEERING CORP. 


SOLENOID VALVES 5375 Carnegie Ave., Kenilworth, N. J. » CHestnut 5-1665 
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General Electric 


LIQUID SILICONE RUBBER 


Cures at room temperature, 
useful from —70°F to +-600°F 


General Electric’s expanding family 
of RTV silicone rubber compounds 
all cure at room temperature. They 
contain no solvents; resist tempera- 
ture extremes, moisture, ozone, 
weathering and aircraft fuels. Avail- 
able in a wide range of viscosities 
from 120 poises (lower than any 
other silicone rubber compound) to 
12,000 poises. Important applica- 
tion areas include: 

SEALING AND CAULKING 
Aircraft manufacturers use RTV 
for pressure sealing of cabins and 
cockpits, fire walls, fuel tanks and 
hot air ducts. Protection for elec- 
tronic packages is provided by 
caulking assemblies and sealing 
seams and lead holes with RTV. 

ELECTRICAL INSULATION 
Good electrical properties and out 
standing heat resistance have led to 
RTV’s use in coil impregnation and 
encapsulation of motors and trans 
formers. Can be poured, sprayed, 
painted, or applied by dipping. 
Cure times can be varied from min 
utes to several days 

MOLDING AND TOOLING 
Parts cast in flexible RTV molds 
reproduce with precision detail. 
Built-in parting agent assures easy 
release. RTV eliminates such com 
mon problems as excessive shrink- 
age and separate release agents. 


*Room Temperature Vulcanizing 


more information and a free test sample, 
write (briefly describing your application) 
to General Electric Company, Silicone Prod 
ucts Department, Section 8, Waterford, N.Y. 


GENERAL 
ELECTRIC 
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COMPONENTS * MATERIALS + PROCESSES 
. «+ continued 


and to form solid air- and moisture-tight 
seal, preventing formation of new rust. 
Ready to 
1 gal is said to cover 


Reported not to discolor metal 
use without mixing 
up to 400 sq ft 


viscosity, 


Compound is low in 
nonfreezing. 
Brad 
W Washington St, 


nonsettling and 
Price for 5-gal sampler pail is $8.95 
Chemical Inc, 111 
Chicago 2. 
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a 


Motor is protected against 
overheating . . . 

by use of positive-temperature-coefhicient 
thermistors and semiconductors that are 
integral with motor. Motor protection is 
based on sensitivity of thermistors to heat 
rather 


I ac h 


thermistor is encapsulated in epoxy resin 


buildup in motor winding alone, 
than being affected by line currents 
before installation in motor winding. It 


is not affected by temperature until it 
reaches predetermined critical temperature 
designed for limitation of each insulation 
class and enclosure At predetermined 
temperature, thermistor has 100 to 1 posi 
tive change in resistance vs temperature 


Motor 


ac application and 


providing snap-action response 
an be used for any 
protects against overheating due to singl 
phasing, locked rotor, too-frequent start 
ing, repeated overloads, high ambient tem 
voltage conditions 
switch welding and 
plugging or duties. Westing 
house Electric Corp, PO Box 2099, Pitts 
burgh 30. 
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peratures, abnormal 


ventilation failures 


reversing 


Larger bin vibrator . . . 

is in-line-action type of unit for installa 
tion on bin walls of about 2 in. thickness 
and 20-ton capacity. Double-impact vi 
brator provides impact at top and bottom 


of stroke 


p« rT min 


Hammer delivers 7200 impact 
| 


it 60 cps. Without control box, 





| anc 
| job, plan-to-production becomes fast and 


| spoke type wheel (steel or 


when your 


PLAN 
WHEELS 


Orell, 


call 


ELECTRIC 


for the quick answers and efficient 
service our over 100 years of agri- 


'cultural and industrial wheel ex- 


perience brings you. 
Your every agricultural or industrié 
wheel requirement can be 


Electric Wheel. With able 


served 


experi need 


sales engineers who come equipped to 


— you with production schedules, prices 
cost-cutting recommendations on the 


eficient. And it’s backed by our ideal 
midwest location as well as the high quality 


| and low cost capacities offered in the finest 
| automated manufacturing and test facili 


ties. Call or write today for the exact disc o1 
rubber-tired), 
rim, hub, axle or component part you're 
looking for. What we sell is quality and 


service. 


BLBCHRIC 
WHEEL COMPANY 


Write to Department 4-5 
T1120 N. 28th St., Quincy, Illinois 
BAidwin 2-5320 
Division of The Firestone Tire & Rubber Co 
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unit is available for 115, 230, 460 or 575 
v ac, directly off power line. Also furnished 
for 50 cps. Eriez Mfg Co, Erie 6, Penna. 

Circle 329 on Reader Service Card 


Electromechanical programer 
specifically designed for on-off functions, 
is engineered with 3 rcuits, carrying 2 
amp resistive Used to tum recorders, 
telemeters, valves, and motors on for defi 
nite peried; then to turn them off. Delay 
before turning on, and on-time are pre- 
selected: they may be changed by chang- 
ing program drums. Available with time 
range from 60 to 5000 sec and with ac- 
curacies of 1, 3 or 5%. Built to meet or 
exceed applicable military specifications 
Said to withstand shock of | g, 10 milli- 
sec; vibration from 50 to 20 ps at 0.1 
in. double amplitude up to 20 g, and ac- 
celeration of 50 g along each major axis, 
10 sec max duration. Operate in ambient 
temperatures of 65 to 200 F. Sloan Co, 
7704 San Fernando Rd, Sun Valley, Calif. 
turer's 44 standard configurations. Re- 
Circle 330 on Reader Service Card 


2 Remove first lens 
3 Remove divider 


Remove second lens 


Divided-word indicator light 
provides two indications in space normally 
required for one. Divider is added, which 
forms two engraved legends and two indi 
cations, each half with its own independ 
ent lamp. Available for all this manufac 
turer's 44 standard configurations. Re 
bulbs from front. Master Specialties Co, 
956 E 108th St, Los Angeles 59. 

Circle 331 on Reader Service Card 


Pocket-size digital calculator 
is circular, 15-in. slide-rule for multiplica 
tion and division, reciprocals and propor 
tions, squares and square roots, cubes and 
cube roots, circumference and area deter- 
minations. Includes conversion tables 
Printed in red, black and white for posi 
tive readout. Price is $1. Bolind Inc, 
Boulder 15, Colo. 

Circle 332 on Reader Service Card 
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When close tolerances are Vital— 
CALL ON TORRINGTON 


If you need precision in small metal parts you can get it from 
Torrington — plus exactly the right finish, temper and hardness 
required for your needs. Moreover, Torrington can produce such 
parts at high speed and a remarkably economical cost. We are the 
leading specialist in this field— with the specialized skills, engineer- 
ing experience and facilities to save you money. If you have small 
parts to be manufactured in large quantities why not let Torrington 
solve your entire problem. Use the coupon below to get prompt action. 


progress through precision SPECIAL METAL PARTS 





THE TORRINGTON COMPANY Torrington, Conn. 


| The Torrington Company, Speciaities Division 
| 230 Fieid Street, Torrington, Conn. 


") Please send me literature on Torrington Smal! Parts. 


2 Y (LD Please have your representative contact us. 
— | | 
| Name —_.. Title 
i Company 











! 
| 

| | | Address 
! 
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PUT YOUR PROFIT IN YOUR POCKET 


=; with ADVANCE Ductile Iron Castings! 





i 
J 


Ductile iron castings—designed 
right, cast right, made the Advance 
way—will save your profits time 
after time. 

In a host of applications ductile 
iron offers advantages of steel with 
all the process savings of cast iron. 
And remember, Advance castings 
are guaranteed to satisfy or cost 
you nothing! 

The Advance guarantee is backed 
by unique production controls and 
highly developed state-of-foundry- 
arts which practically eliminate re- 
jections to keep costs down and 
quality up, up, up. 

Castings up to 80,000 pounds .. . 
delivered on schedule. 


. makers of Stunts metal 


107 SEMINARY AVENUE., DAYTON, OHIO 
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WHA TIES. 


Floatless, Electrode Type 


LiauID LEVEL CONTROLS 


give you all these advantages! 


No moving ports in the 
liquid @ Easy to install 
@ No adjustments neces- 
sary @ Unaffected by acids 
or caustics @ Unaffected by 
pressure or temperature e 
Standard 2&3 pole units 
listed by U/L 


Write for 32-page 
Catalog which gives 
complete specifications 


Two pole control shown oat left 


YOU CAN USE OUR CONTROLS FOR: 


@ Single & multiple pumps ¢ Sewage & waterworks 

@ Motor & solenoid valves @ Chemical Industries 

e High & low cutoffs @ Food & Dairy Industries 
& alarms @ OEM applications 


Special controls fo custom requirements 


CHARLES F. WARRICK CO. 


1964 W. Eleven Mile Road, Berkley, Michigan 
Dept. 3 Telephone JOrdan 4-6667 
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Writing in Industry 


SIEGFRIED MANDEL, Polytechnic Press, Poly- 
technic Institute of Brooklyn, NYC. 6 x 8, 
121 pp, $2.75 


hese are selected papers from the 
proceedings of the conference on 
Writing and Publication in Industry, 
sponsored by the Polytechnic Institute 
of Brooklyn, 1959. The articles were 
developed independently by authors 
in science, engineering, personnel and 
public relations, science reporting and 
graphic art. It is remarkable that with 
such diverse backgrounds the authors 
have come to basically the same con- 
clusion, namely that the responsibility 
for improving written communication 
rests with individuals who, by virtue 
f doing a specialized task, know most 
ibout it 
find someone in his technical pub- 
licity or public relations department to 


he engineer cannot hope to 


do a commendable job of putting 
down his thoughts in writing. He must 
improve his knowledge of techniques 
in technical writing 

Papers in this text are: ““The Chal 
lenge to Writers in Industry,” by Sieg 
fried Mandel, professor of 
English, Polytechnic Institue of Brook- 
lyn; “The Relationship of Engineering 
und Technical Writing,” by Robert T. 
Hamlett rector of training and pet 
sonnel, Spern Gyroscop Co; “Ever 
day Editori 


Supervisor, by 


associat 


il Problems of an Engineer 
Ronald I. Ross, 
engineering section head for advanced 
studies, Sperry Gyroscope Co; ““I ech- 
niques and Practices of Proposal Writ 
ing,” by Donald I 


manager, Proces 


Caldwell, proposal 
Plants Div, Foster- 
Wheeler; “Writing for Publication 
Why and How?” by George R 
Wheatley, dept chief, Public Rela 
tions, Western Electric Co Inc: “Pro- 
Design Pt 
gineering Publications,” bi 

Eckstein, Eckstein-Stone Inc: 
nalistic Aspects of Scienc 
by William L. Laurence 
vf the New York Times 


luction and iblems in En 
Arthur 
“Tour 
Writing,” 


Cicence editor 


Marketing 


DUDDY and REVZAN. McGraw-Hill Book Co 
inc, 330 W 42nd St, New York 36. 614 x 
914, 644 pp. $13.50 


This is a second edition of a stand 
ird text on marketing, intended for 
students specializing in this subject. 
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It is reviewed here as a possible candi 
date for the elective reading of engi 
neers because of marketing’s influence 
on the process of developing products 
In this book, marketing is defined as 
“the economic process by means of 
which goods and services are ex 
changed and their values determined 


in terms of money prices.” 


Propulsion Systems for 
Space Flight 


WILLIAM R CORLISS. McGraw-Hill Book Co, 
330 W 42nd St, New York 36. 6 x 9, 350 
pp. $10. 


The book makes an assessment of 
the entire field of thrust devices for 
The 
requirements of various space missions 
are compared with the abilities of the 
different propulsion systems, and pow 
er-generating and 


use in outer-space exploration 


energy-Cconversion 


theories are analyzed over a_ wide 
Such 
rockets, ion drive, photon drive, and 


antigravity 


power range systems as nuclear 
devices are compared in 


performance capabilities, technical 
feasibility, and present state of devel 
opment 

Propulsion systems are considered 
from a practical viewpoint, empha 


sizing actual contributions, and as 
signing them roles in the over-all view 
f space technology It integrates 
propulsion technology, sets up criteria 
for comparison, and evaluates the en 
tire field. Previously this material has 
been accessible only in widely scat 
technical and _ articles 
published by 


ment 


tered papers 


industry and govern 


High-energy-rate 

Metal Forming 

Interim Engineering Report No. | 

110 pp. 9 x 12, $3 

Interim Engineering Report No. 2. PB-161272 

49 pp. 9 x 12, $1.50 

Interim Engineering Report No 3. PB-161273 

38 pp. 9 x 12, $1.25 

Office of Technical Services, Dept of Commerce 

Washington 25, DC 
Contrary to popular 


PB-161271 


} 
claims, parts 


formed so far by explosive methods 
have been generally within the form 
ing limitations of conventional tech 
niques. The explosive processes, which 
100 times that of 


mechanical processes 


form at speeds 


increase ductil- 


itinued on page 87 





| He—2000 Oe Br 


STEWARD'S 
MAGNET 
FAMILY 


High Energy Product 


r-900 


ORIENTED 


CERAMIC 
PERMANENT 
MAGNET 


BH=3.5 x 10° G.Oe 
3900 G 


APPLICATIONS: 


LOUDSPEAKER MAGNETS 
MAGNETIC SEPARATORS AND 
OTHERS REQUIRING HIGH BH 

PRODUCT AND COERCIVITY 


Look to D. M. Steward Manufacturing 
Company for all of your Ceramic 


| Magnet requirements. 


Write for F-500 brochure to: 


D. M. STEWARD MFG. CO. 
3640 JERROME AVENUE 
CHATTANOOGA, TENNESSEE 
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Need a Feather 


Cencitive nal Touch Operating Switch? 


DIFFERENTIAL 
PRESSURE and * 


Feather touch operating torque 
(4 inch groms) 


Friction-free blade pivot 
Lateral rock-wipe contact action 


Positive stops molded in case 


f RATED: UL insp. 5 amp/250 V a-c 


By using UNITED ELECTRIC's Type JGK or Type J27KB CALL OR WRITE 

control, it is possible to control accurately the dif- 

ference in pressure between two pressure or vacuum HERRY ELecTRICAL PRODUCTS CoRP. 
sources. The J6K contains a single switch; the J27KB 1641 Deerfield Rd., Highland Park, Ill. 

is a dual switch control. Phone: Idlewood 2-8182 





System Differential Up to 90 psi. 


Switch Differential 6K — can be set between limits of CIRCLE 208 ON READER SERVICE CARD 
pe Mig ent 3 pel. High Temperature 


J27KB — can be set between limits of 
1” Hg and 5 psi 











Switch Ratings... . . 15 amps. at 115 or 230 volts A.C. 
Also 20 amps. or D.C. switches on 
specification. 

Switch Types N.O., N.C., or Double Throw — no 


neutral position. 











Adjustments J6K — internally located, uncali- 
brated adjustment wheel. 


J27KB — each switch has inde- 
pendent, uncalibrated adjustment 
screw. 


Made to screw terminals on switches 
through clearance hole in enclosure. 





Electrical Connections 


Pressure Connections Two 4" female NPT pressure con- 
nections. 


Size : , JOK — 7549" x 42749" x 2546". 
J27KB » 7K6" x 6)" x 27%". 


"JK — 2% Ibs. J27KB — 2 Ibs. 


32 
2g 
=n 
fo 


COHRiIiastic C-328 
etnias RTV is an exclusi 
Approximate Weight 





5 
F 
g 
‘f, 





UNITED ELECTRIC manufactures a complete line of 
temperature, pressure and vacunm controls. Standard 
units can be modified or custom-built units made to 
your specifications. Additional information on pres- 
sure and vacuum controls is available upon request. 


E 
g 
( 


& 
aFB 


o” 


rosion; potting and 
Ww 

chemical resistance is 

required. Temperature 

range --50°F to 500°F. 

AVAILABLE FROM 

ST : 4 ounce kits. 


: "] . ’ ’ | ounce containers. a OCcK 
© Unitedtectne Contos (a al 
ok UR Git} CONNECTICUT HARD RUBBER 


*duPont TM Main Office: New Haven 9, Connecticut 
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DESIGN LITERATURE continued 


ity by widening the spread between 
ultimate and yield strength, but ap 
parently not enough to radically 
change the shape of deepdrawn parts 

Die life in explosive forming is gen- 
crally short. If the die is hard, it may 
crack; if too soft, dimensional accu- 
racy is lost after forming only a few 
preces 

his is a comprehensive report in 
three parts on the results of explosive 
forming, as found by 24 companies 


ABSTRACTS 
FROM THE LITERATURE 


Plastic Colorants 

Discusses coloring industry and how 
it services the plastics industry. De- 
scribes the advantages and limitations 
of available colors, colorants, and 
coloring techniques 
How to Choose the Correct Colorant,”’ Modern 


Plastics, April ‘60, 575 Madison Ave, New 
York 22 


Hydraulic Fluids 


Discusses the main factors associ- 
ited with the selection of a hydraulic 
fluid for optimum service. 

Applicction Aspects of Hydraulic Fluids,” 
Mechanical World and Engineering Record, 


April ‘60, 31 King St West, Manchester 3, 
England 


CATALOGS 
AND BULLETINS 


obtain copies of literature described be- 
circle corresponding number on post- 
nside back cover 


BRAZING-ALLOY PREFORMS Bro 
chure, 20 pp. Discusses design considera 
tions and presents examples of metal joints 
that lend themselves to use of brazing al 
loys in preformed shapes. Lucas-Milhaupt 
Engineering Co, 5051 S Lake Dr, Cudahy, 
Wis 

Circle 350 on Reader Service Card 


CAST ALLOYS—Reference chart, 6 pp 
Chart contains 55 of the more widely 
used cast alloys in the carbon, low alloy 
and stainless groups, as well as nickel and 
Monel Covers composition, properties 
specifications and design applications. Leb 
anon Steel Foundry, 143 Lehman St, Leb 
anon, Penna 

Circle 351 on Reader Service Card 


ELECTRONIC COMPONENT PARTS 
Catalog, 32 pp. Describes line of ter 
minals, terminal boards and strips and 


continued on page 89 
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Sizes ond Shapes To Do Your Brazing Job Better 
Notch Coil Ri Available in these 
No ee lems. Alcoa alloys 
omy ita A, 718 Brazing Wire ond 
th = -B. F Thin Sh as 

lose To! ince From Thin Sheet. i 
Special Shapes — Rectangles, 716 Grazing Wire 
Ovols, U-clips, Segments and 713 Brazing Sheet 
Many Others. 


Write for 16 page booklet = on better brazing 


See ovr Catalog in Sweets Product Design File 7/Lu 


LUCAS-MILHAUPT Exgincering Co. 


5053 South Lake Drive, Cudahy, Wisconsin 
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another new 
exclusive 


GRC idea : | 2: 


25 years of 
progress in 
teny parts 


GRC die cast zinc alloy 
washer-base 


CAP NUTS 


GRC mokes new exclusive low cost fasteners with in 
tegrol Washer Bases for better fastening performance 
and ao zecrance. Won't mar soft surfaces. Use with 
-ersize or offset holes Prevents wrench marks. All — 
ese advantages at no extra cost to you. Use standard standard 
.someter nuts wherever regulor cap nuts would be used washer 
alone—full diameter nuts wherever regular coo nuts diameter 


full washer 
Giameter 


would be used with seoorate washers Both closed end and open end 
washer base cap outs available 


Standard thread sizes from No. 4 through 5e” — >, with fell and 


14 hex sizes - anmeters. 


dard washer di- 
in addition GRC has the 


* Rustproof and corrosion resistant mest complete stock of Standard 
* No tool morks or cut off burrs CAP NUTS 


* Save assembly time—inventory costs 
Cap Nuts and Wing Nuts in a wide range of styles 
and sizes. Write today for new detailed catalog 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 
159 Second St., New Rochelle, N. Y. @ NEw Rochelle 3-8600 


wy. 
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RELIEF VALVES 


WITH 


@ EXCLUSIVE FEATURES 
@ SMOOTH OPERATION 
e@ LONG LIFE 


PILOT-OPERATED RELIEF VALVE 


Hydraulic relief valve limits system’s maximum 
operating pressure at constant level, though 
flow rate varies. No leakage loss below cracking 
pressure. Pilot valve controls pressure setting 
main valve instantly conforms. Remote 
pilot available to lower setting of integral pilot 
control. 3 pressure 
ranges: 50 to 1200 
psi; 1000 to 3000 
psi; 2500 to 5000 
psi. 50,000 tensile 
semi-steel body 
standard aluminum 
alloy to order. FMP 
or str. thread gasket 
seal bosses, 44” to 
144”. Panel mount- 

ing bosses 


Modified units avail- 
able as Sequence 
Operating Valves; 
and as Unloading 
Valves for clamping 
or other two-pres 
sure applications 


POPPET TYPE RELIEF VALVE 


Smoothly sliding poppet, seated by a stain 
less steel compression spring is the simple 
design of this rugged unit. External adjust 
ment. Two types of sealing elements avail 
able. Soft seal poppets for air, gas, and 
liquids, with no leakage; stainless steel 
poppet for general hydraulic applications 
Other poppet materials available for special 
chemical services. Eleven pressure ranges 
to 2750 psi, 44” to %{" pipe, tubing, internal 
straight threading 250°F atd specials to 
400°F. Aluminum alloy, brass, or stainless 
steel 


ADJUSTABLE IN-LINE RELIEF VALVE 


External relief adjustment without breaking line is the feature of 
this 5000 psi relief valve. Limits hydraulic system’s maximum 
pressure at constant level, with minimum rise above cracking 
pressure. Turning locknut on body varies relief pressure adjustment 
spring in pilot valve. Free reverse flow. 2 pressure ranges: 50 to 2500 
psi; 2000 to 5000 psi. Stainless steel body with hydraulic o-ring, - 65° 
to 160°F standard. Packings for other fluids, and higher tempera- 


Lg? ” 


tures available. Flare or flareless tube connections 44” and %”. 
Distributors in principal cities coast to coast 


CHECK RELIEF SELECTOR OBE NEEDLE PLUG 





SETKO self-locking 
set screws... 


WIN FOR YOU EVERY TIME! 


<repPpeDo.UP 
pODUC T 


ow 
N REAS 
RELIABILITY 


PLASTICS 


pROMPT 
DEL Owe RY 


FREE “selector shart” shows 
complete line. Gives over 1.001 possible /* 
combinations. Write for your copy and 
lest samples. Send your specifications (f JP 
2” fecommendations Sh 


Screw é 


& Mfg. Co. a 
153 _— a SueM, Winois 


Pa plied 821 
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Digital (Series TSD) 
& Binary (Series TSB) 


NEW HIGHLY RELIABLE 


THUMBWHEEL SWITCHES 


Available in permanent or removable wafers in 8, 10 or 12 
positions up to 16 switches per modular assembly. Occupies 
only 4%” panel space per module. Variations available to 
special order. 

Instant, easy numerical readout—only selected numbers are 
visible thru openings in the bezel plate. Thumbwheel is 
black molded nylon with 4%” engraved figures. Other colors 
available. 

Construction is printed circuit wafers with silver, rhodium 
or gold laminate, precious metal alloy contacts and corrosion 
protected aluminum frame. Switch can be positioned hori- 
zontally or vertically. 


=i ‘at «¢ 


REPUBLIC MANUFACTURING CO. 


15655 BROOKPARK ROAD «© CLEVELAND 35, OHIO 


Write for detailed specs today. 
CHICAGO DYNAMIC INDUSTRIES, INC. 


IN PR N 


f 
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DESIGN LITERATURE continued 


other parts for military and commercial 
products. Also contains chart on typical 
values of laminates, including physical and 
electrical properties of those used in man 
ufacturing terminal boards and _ special 
fabricated _ parts National Tel-Tronics 
Corp, 52 St Casimir Ave, Yonkers, NY 
Circle 352 on Reader Service Card 


POWER SUPPLIES—Handbook and cat 
alog, 32 pp; price list, 6 pp. Describes 
voltage urrent and performance charac 
teristics of power supplies. Sorenson & 
Co Inc, Richards Ave, South Norwalk 
Conn 


Circle 353 on Reader Service Card 


FORCE-FEED LUBRICATORS — Cata 
log, 44 pp. Covers basic information on 
principles of force-feed lubrication, includ 
ing data on viscosities of various lubri 
cants Illustrates many ways in which 
lubricators can be adapted to specify 
equipment. Chart compares lubricators 
with reference to pumping-unit character 
istics, priming methods, drive types and 
locations and lubricants available. Manzel 
315 Babcock St, Buffalo 10, NY 

Circle 354 on Reader Service Card 


INDUSTRIAL HOSE—Catalog, about 24 
pp. Presents manufacturing facilities and 
complete line of industrial hose. Covers 
applications, cover, reinforcement, tubc 
lengths, packaging and recommended coup 
lings. Swan Rubber Co, Bucyrus, Ohio 

Circle 355 on Reader Service Card 


PRANSISTORS — Application guide 
pp. To facilitate selection, suitabl 
sistor types for cach major app! 
lassified in terms of one or two mportant 
parameters. Charts indicate typical per 
formance Philco Corp, Lansdale Div 
Lansdale, Penna 

Circle 356 on Reader Service Card 


RTV LIQUID SILICONE RUBBER 
Booklet CDS-226, 12 pp. Presents prop 
erties of room-temperature-vulcanizing 
liquid silicone rubber and illustrates its 
uses Silicone Products Dept, Ge 
Electric Co, Waterford, NY 


Circle 357 on Reader Service Card 


ROTARY DC SOLENOIDS—Bulletin 
211, 6 pp Describes five basic frame 
sizes of rotary de solenoids, with specifica 
tions, dimensional drawings, typical torque 
characteristics, applications and design fea 
tures Outlines company capabilities 
PSP Engineering Co, Dept RS, Maywood 
Calif 


Circle 358 on Reader Service Card 


HIGH-TEMPERATURE TAPES — Bro 
chure, 6 pp. Presents information and 
properties of 10 high temperature tapes 


continued on page 90 
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FAST ECONOMICAL 


pi, 

SERVICE ON w | 
t 

t 


Consult — 


Our modern plant and facilities for 
turning, grinding, milling, drilling, 
threading, heat-treating and electro- 


plating are available for small or 
iarge volume. Simple or intricate, se? Ss 
flanged or tapered designs from .020 P d ype 
to 1.00" diameters. Send drawings and sample 
and specifications for quotations. quantities 


INSTRUMENT SPECIALTIES 
CO - INC =) 


234 Bergen Boulevard ~ 
Little Falls, New Jersey 
Telephone: CLifford 6-3500 


eerrusm COPPER 


ee 
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--- by WESTERN are better! 


Because now, at no extra cost, the principle hazard 
found in ordinary seal rings has been removed by Western’s No Splice 
method of one-piece construction. In addition, dimensional require 
ments are maintained at less cost and service is vastly improved. 
Don’t use a spliced ring for technical seal applications, 
but profit from our more than 50 years 
experience—specify Cord Rings by Western. 
Write or phone for information or a visit by our sales engineer in your area 


WESTERN RUBBER CO. 


GOSHEN 7, INDIANA 


MOLDED AND LATHE-CUT RUBBER PARTS FOR ALL INDUSTRIES 
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DESIGN LITERATURE... .... continued 


Al. EMPLOYMENT OPPORTUNITIES for electrical and mechanical applications 
NATIONAL’ The Advertisements in this section include all employment opportunities—execu- Analvzes each tape individually as to con 


j fe, 8 . mal, ete. “ 
COVERAGE tive, management, technical, selling, office, skilled, man struction and secoaumends uses. Connex 


Positions Vacant Civil Service Opportunities Employment Agencies ticut Hard Rubber Co. Dept TRT. 407 
Positions Wanted Selling Opportunities Wanted Employment Services : ’ 
Part Time Work Selling Opportunities Offered Labor Bureaus East St, New Haven, Conn 


DISPLAYED =— UNDISPLAYED Circle 359 on Reader Service Card 


The advertising rate is $37.00 per inch for all adver- $2.10 per line, piplnce 3 ae | To — advance 
tising appearing on other than a contract basis. payment coun average words as & " r 2 im ery We . > ¢ 
Frequency rates quoted on request. Position Wanted Ads are % of above rate. LEVELING SCREWS —, 602, 

” Box Numbers—counts as | line »p. Dimensional information and typical! 

An advertising inch is measured %” vertically on « PI a a d | 
column—S columns—30 inches to @ page. Discount of 10% if full payment is made in advance 7 “yr , heeulie 

for 4 consecutive insertions | applications of three styles of levelers are 

Subject to Agency Commission. Not subject to Agency Commission mee ) . ™ " 22 

Send NEW ADS to Classified Advertising Div. of PRODUCT ENGINEERING, P.O. Box 12, N.Y. 36, N.Y. covered. Ohio Nut & Bolt Co, 33 Ist 


Ave . Be rca, Ohio 
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ALUMINUM-STAINLESS rRANSI 
TION COUPLINGS-Brochure, 4 pp 


Operational information, dimensions and 


| MECHANICAL DEVELOPMENT ENGINEER 


Our new Mechanical nt Department has many 
exciting and challengi in the fast-moving phar- 
maceutical industry. T s exceptional oppor- 


performance characteristics of metallurgi 
ally bonded aluminum to stainless cou 
pling for joint stainless steel pipe to 
aluminum pipe without flanges or gaskets 
Project Fabrication Corp, College Point 
PERSONNEL DEPARTMENT NY 


Ci 1 i 
PARKE, DAVIS & COMPANY rcle 361 on Reader Service Card 
Detrolt 32, Michigan RADIO-INTERFERENCE. FILTERS 


Catalog, 4 pp. Includes case sizes, ter 


tunities for an unusva t graduate engineer. 


cect intone 




















minals, insertion loss, voltage drop, as 


Need commission salesmen? well as current and voltage ratings. Sche 
PROOUE | To sell your products or to solicit contract matics illustrate mounting styles and di 
work. We have them for you—32,000 mensions. All-Tronics, 45 Bond St, West 
proven commission sales agents. 


Albee-Campbell, inc., — National Clearing bury, NY 
DESIGNERS House for Manufacturers Agents. East Street, Circle 362 on Reader Service Card 
New Coanean, Conn. 
THE EXPANSION OF OUR NEW STEP DOWN 1 RANSF( IRMERS~—Bu! 
PRODUCT PROGRAM HAS CRE letin 16-BO1, 2 pp. Covers specification 


ATED OUSSTARDING OSPORTU- FOR INFORMATION and dimensions on line of step-down and 
ORK WITH OUR . 
D P 


step-up transformers Four examples of 


GROUP, CREAT rin Ab t Cl ifi d Ad : 2 step-down-transformer applications are 
BUR. RATIONALLY "ENO oe oe Ou assi le vertising listed. Acme Electric Corp, Cuba, NY 
SUM 


KNOWN CON 
ER GOODS LINE. 


Circle 363 on Reader Service Card 
PREVIOUS DESIGN EXPERIENCE Canhasl  # 
IN ELECTROMECHANICAL DEVICES 


OR SMALL PRECISION PARTS WILL Mie Graw- Leb Office POTE NTIOMETER TRANSDUCERS 


FOR THESE POSITIONS. Bulletin, 4 pp. Contains transducer speci 


7), f 7 fications as applied to pressure, motion 
EXCELLENT te on Bs eares ou R , 
TIONS AND BENEFITS C - altitude, weight, flow, indicating, recor 
WITH Av TRULY . PROFESSIONAL ATLANTA, 3—JAckson 3-6951 ing systems. H E Sostman & Co, 482 I 
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ANN ARBOR. MICHIGAN 1712 Commerce St., Vaughn B specifications of subminiature, free-fila 
GORDON jones” 9 PIERCE 
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As long as the supply lasts, readers 
in US and Canada can secure one copy 
of “P” lettered reprints, without 
charge, by using one of the Reader 
Service cards bound inside the back 
cover. Note that the card must be used 
within 60 days of publication date 


Epicyclic Gear Systems Pp 

Belt Drives P 

Selecting the Right Solenoid P 

Pneumatics Simulate Electronics.P 

Wear Life of Rolling Surfaces P 

Electrical Analogs Simplify Heat- 
flow Analysis 

Shaping Vulcanized Fibre Parts 

Centralized Lubrication 

Integral Balibearings 

3-D Harness Wiring 

Standards for Metal Hose 

Marking Your Part 

7 Steps to Better Oral Reporting 

Best Results with Printed Wiring 

Elliptical Gears 

Variable-Speed Motor Drive 

Faster Ways to Set Statistical 


Tol P 
4 tag p a GREATER STRENGTH = Cl- 
Resin-Bonded Wood Compositions P Commercial 


20 Applications for Screw Threads P a UNIFORM TENSION -< Huckbolt 
QUANTITY PRICES @ MAXIMUM SHEAR 2 


For single shipments of any one title 


to one address on order accompanied STRENGTH 


by remittance, quantity orders will be Daisy 


supplied as long as the supply lasts * PRECISION FIT Blind Rivet 


Quantity Price per-copy 


k. $0.25 @ LOWER INSTALLED 


f 0.20 


z 020 COST 


100 Write for quotation PT— 


Make checks payable to PRODUCT Huck permanent fasteners are Pull-Thru 
ENGINEERING, 330 West 42nd St., available in many types, shapes <9 ay Blind Rivet 
New York City 36, N. ¥ and sizes, from Ye" to %” diam- 

eter, to meet the requirements 

of all types of manufacturing, 
SPECIAL REPORTS from railroad cars, trailers, 0S— 
uae is @ Met of ebectal reports otilt buses, ships, blowers, appli- Oversize 

available. You may obtain them by | ances, to farm equipment and : Structural 
writing Reader Service Dept., PROD | prefab buildings. These and , Blind Rivet 
UCT ENGINEERING, 330 W 42 St., many other users specify Huck 
New York 36. Please enclose remit fasteners for reasons of econ- 
tance with order; we pay postage omy, speed of application, MLS — 
How to Choose the Right Solder strength and dependability. Mechanical 

Fiux (25¢) R 51 You too, may find the answer ec eaxe 
Magnesium Finishes (25¢) R 50 to faster, better, cost-cutting Lock Spindle 
Positive-Displacement Pumps assembly by investigating Blind Rivet 

(25¢) R 49 Huck’s advantages. Write for 
Reinforced Plastics (60 p; $2) R 48 literature, or ask for a Huck 
Fastening Gears to Shafts R 47 Sales Engineer who will be Bi — 
Manual for Reliability (32 p 50¢) R 46 glad to explain the advantages ! 

Stress Analysis of Combine! Loads of Huck Fasteners in your prod- Blind 


on Beams (25¢) “ uct. No obligation. edn Huckbolt 
Aluminum Diecastings (25¢) 44 


The Rare Earth Metals (25¢) 43 
Hand Lay-Up (25¢) 42 
Design by Digital Computer 

(16 p; 50¢) 41 
Four Bar Linkages (11 p; 50¢) 40 MANUFACTURING COMPANY 


een sae Sane 2480 Bellevue Avenue * Detroit 7, Michigan * Phone WA 3-4500 
metal Dies (25¢) 39 
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( Advertisement ) 
No. 14 of a series 


Eastman 910 Adhesive 
solves another 
production bottleneck 


Hilliard Corporation, of Elmira, N. Y., 
manufacturers replaceable oil-filter ele- 
ments for military and industrial use. 

The element consists of a perforated 
metal tube surrounded by a pleated 
paper cylinder. The paper cylinder is 
held tightly against the tube with snug- 
fitting paper retaining bands. 

Vital to proper filter operation, the 
bands are formed by wrapping a strip 
of wax-impregnated paper around a 
mandrel, then overlapping the dewaxed 
ends and bonding them together with 
a drop of Eastman 910 Adhesive. 

Use of this fast-setting adhesive re- 
duces the time for this operation by 
50% compared with a hot iron heat- 
sealing method employed formerly. 

Eastman 910 Adhesive is making 
possible faster, more economical 
assembly-line operations and new de- 
sign approaches for many products. It 
is ideal where extreme speed of setting 
is important, or where design require- 
ments involve joining small surfaces, 
complex mechanical fasteners or heat- 
sensitive elements. 

Eastman 910 Adhesive is used as it 
comes. No mixing, no heating. Simply 
spread the adhesive into a thin film 
between two surfaces. Light manual 
pressure triggers setting. With most 
materials, strong bonds are made with- 
in minutes. 

What production or design problem 
can this unique adhesive solve for you? 


| 


For a trial quantity (*/s-0z.) send five dol- 
lars to Armstrong Cork Co., Industrial 
Adhesives Div., 9106 Irvin Street, Lan- 
caster, Pa., or to Eastman Chemical 
Products, Inc., Chemical Div., Dept. P-6, 
Kingsport, Tenn. (Not for drug use) 

See Sweet's 1960 Prod. Des. File, 7/E 
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ifter reading the advertisements classified below 


MORB DETAILED INFORMATION about 


these products can be obtained by using the READER SERVICE CARD 


A 


Adhesives 
Aluminum Alloys 


Bars 
Metal! , 2 
Bearings 
Ball ‘ 28, 77, 79, 94 
28 


Miniature Serr 

Roller 18-19, 77 

Self-Lubricating 4th Cover 
Bolts .. . 
Brass .. 34-35, 74-75 
Brazing 


Alloys 68, 87 
.74-75 
ie _ 


Bronze 
Bushings 


Carbide Alloys 
Carbon 
Castings 
Castings, Precision Investment 
Ceramics 
Chains 
Conveyor 
Chemica! Treatments 
Coatings 
Controls 
Electrical 
Pneumatic 
Cylinders 
Hydraulic 
Pneumatic 


Die Castings 

Drives 
Right-Angle 
Variable Speed 


Engineering Service (see aiso Produc- 
tion Services) 

Extrusions 
Metallic ; 74. 


F 


Fabricated Plastics (see Plastics, 
Fabricated) 

Fabricated Steel (see Sheet Fabri- 
cated, Structural Forms & Shapes, 
Weldments) 

Fastening Methods .... 23,88, 91 

Dt. civateecee és ota. ae 

Forgings .71, 74-75 


Gears 
Graphite 


7 
30-31 


Heating Units 


Joints 
Universal 


Lamps 

Laminated Plastics (see Plastics, 
Laminated) 

Lead 

Liquid Level Controls 


M 


Magnets 
Metal Powder 
Moldings 
Rubber (see Rubber Parts) 
Motors, A-C 
Fractional 
integral 
Motors, D-C 
Fractional 
Integral 


4th Cover 
4th Cover 


4th Cover 
4th Cover 


P 
Plastics ccccscccscmeons, SS, 36, 
Plastics Fabricated : ‘ oun 
Plastics Laminated 36, 
Production Services (see aiso Engi- 
neering Services) 
Pumps 


Liquid 2nd Cover, 


Rivets 
Rods 

Metallic 
Rubber 
Rubber Parts 


$s 


Screw Machine Parts 
Screws 
Seals 
Sheet Fabricated 
Sheets 
Metal 
Silicone Rubber 36, 
Silver Alloys - 
Speciality asteners (Pipe Hangers, 
Special Cold Headed Parts, etc.) 23, 
Springs o« am 
Steel 
Carbon 
Stainless 
Strip, Metallic 
Structural Forms & Shapes 
Switches 


3rd Cover, 


Thermostats 


Vaives 
Air 
Control 
Hydraulic 
Solenoid 


Washers 
Weildments 


Wire Cloth 
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A 
Advance Foundry Co. 
Airborne Accessories Corp 
Allen industrial Products, inc., Affil- 
iate, Stoiper Stee! Products Corp 
Allied Research Products, Inc. 
Aluminum Co. of America 
American Brass Co. 
Armco Stee! Corp 
Arwood Corp. 


Cc 
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Precision Products D v 
Connecticut Hard Rubber Co 
Continential Diamond Fibre Co., 
Subs., Budd Co. 
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D 
Dow Chemical Co. 26 
du Pont de Nemours & Co., (inc), 
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Eastman Chemical Preducts, inc., 
Chemicals Div. 

Elastic Stop Nut Co 

Electric Wheel Co., Div. of Firestone 
Tire & Rubber Co 82 

Emerson Electric Mfg. Co 4th Cover 
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& Co., 
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Silicone Products 


Fairbanks Morse 
Hydraulic Div. 


Pump & 


General Electric Co., 
Dept. 
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Handy & Harman 
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Lucas Milhaupt Engineering Co 
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Newark Wire Cloth Co 
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Norton Co., Electro-Chemical Div 80 
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Federal-Mogu! 
3rd Cover 
29 


Onlo Rubber Co 


x 
Republic Mfg. Co. 
Rohm & Haas Co. 


s 
Safeway Heat Elements, Inc 
Set Screw & Mfg. Co. 
Split Balibearing Div. of MPB, Inc 
Steward Mfg. Co., D. M. 
Stocker & Yale, Inc. 
Stolper Stee! Products Corp., Allen in 

dustrial Products, Inc., Affiliate 

Synthane Corp. . 

T 
Thomson Industries, inc. 
Tompins-Johnson Co. 
Torrington Co., Bearing Div 
Torrington Co., Speciaities Div 
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JOINTS 


INDUSTRY'S MOST COM- 
PLETE LINE FOR EVERY 
SLOW SPEED APPLICATION 





CONTOURED YOKE 


single types 


“ CONTOURED YOKE me 





Special Contoured Yoke—capable 

of operating at a maximum an- 
ular misalignment of 45° on 
and-opera applications. 


Static Torque—from 306 to 129,693 
in.-lbs. at 12°, depending on size 
of ‘int. 


Horsepower Ratings—.54 to 207 
at 100 rpm. 


Tolerances—pins ground to .0005” 
... forks concentric to within .001” 
... precision accurate center 
blocks. 


Standard Specifications—hub di- 
ameters '4 to 4"... bores 4 to 2” 
... lengths (single) 2 to 1054" 
(double) 4 to 2144". All specifica- 
tions can be altered or special 
joints designed to individual 
requirements. 


Get this handy guide 
it’s the quick and easy way 
to get the Universal Joint 
that is just right for your 
application. Request 
Bulletin 820. 





4841 W. Lake St. 
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NICE offers Product Designers 





fied field representatives. 
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G COMPANY 
DIVISION OF CHANNING CORPORATION 
NICETOWN * PHILADELPHIA * PENNSYLVANIA 
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NATIONAL BUD UNITIZED 


Flanges, if desired, are available to 
simplify positioning and removal 


TRADE MARK 


National BUD UNITIZED has integral wear ring presenting 
rubber surface to shaft. Wear ring turns with shaft, 


sealing lip is never exposed to damage, cannot score shaft 


A new unitized oil-seal-and-wear ring that eliminates: 


SHAFT WEAR OR SCORING 


SEPARATE METAL WEAR SLEEVES 


EXPENSIVE SHAFT FINISHES 


COSTLY SHAFT RE-MACHINING 


SEALING LIP INSTALLATION DAMAGE 


SPECIAL INSTALLATION PROCEDURES 


New National BUD UNITIZED seals are now in pro- 
duction, in a limited range of sizes, for heavy oil and 
grease sealing applications including truck, bus 
and tractor uses. Still newer BUD UNITIZED seals are 
on the way for higher speed automotive and similar 
uses. 

Changing a National BUD UNITIZED oil seal auto- 
matically changes the wear sleeve — in one fast, sim- 
ple operation. Since the seal has its own integral 


wear ring, it is almost impossible to install it other 
than squarely on the shaft. Expensive shaft finishing 
is no longer a necessity, nor is leakage under a metal 
wear ring a problem — both thanks to the rubber sur- 
face BUD UNITIZED presents to the shaft. 

For complete details or skilled engineering help on 
application of BUD UNITIZED seals, write direct, or 
call your National Seal Applications Engineer. You'll 
find him in the Yellow Pages, under Oil Seals. 


NATIONAL SEAL 


Division, Federal-Mogu!-Bower Bearings, Inc 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio, Redwood City 


and Downey, California 
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TWO-BEARING DESIGN maxes THESE 
EMERSON ELECTRIC MOTORS 


ideal for Refrigeration 
fan applications 


Here's a two-bearing motor uniquely suited for refrigeration 
fan applications. It operates in any position with a min 
imum of bearing load, vibration and friction. It starts easily 
at low temperatures because of EMERSON ELECTRIC'S 
self-oiling, self-aligning bearings that act as soft metal 
sponges and remove oil from the shaft journal as the motor 
cools. It lubricates without felt wick or shaft groove and 
requires less than one-third the oil needed in solid sleeve 
designs; yet, its oil storage capacity is equivalent to 607% 
more than most other refrigerator fan motors. The self-align 
ing feature completely eliminates tight shaft problems 
EMERSON ELECTRIC will custom-engineer motors to 
meet your specific needs. Call us today you'll like our 
way of doing business! 


EMERSON 


E & E CT R | Cc of St.Louis +* Since 1890 
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